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PREFACE. 



The work here offered to tlie public was midertaken by its 
author to supply a want long felt in his own depavtineat oi* 
instruction in the Militaiy Academy at West Point. Its aim 
is to present a concise course of Spherical Astronomy in its 
relationship to Celestial Mechanics, of which it is the offspring. 
The solar and stellar systems are, therefore, aasuined and de- 
scribed as necessaiy facts, arising from the detached condition 
of the bodies which compose them and the lavv^ of universal 
gravitation. The consequences from these systems, to- a spec- 
tator on the earth, are then deduced, and their entire cohici- 
dence with the celestial phenomena, as they arise spontane- 
ously, is relied upon as full and siifficient justification lor the 
assumption, and as proof that the systems are true. This 
forms the first part of the subject. A general account of the 
methods by which the future condition and aspects of the 
heavens are predicted follows, and tlie more important a]jph'- 
eations to the current wants of Navigation, Geography, aiid 
Chronology, conclude the vohmie. 
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iv PREFACE. 

L\ the description and discussions of instrvmienfs, those only- 
have been selected which are hest suited to convey a Ml view 
of the whole theory and practice of Astronomical Measure- 
ments. 

The author would acknowledge his obligation to Sir John 
Herechel, Professor Challis, Mr. Maddy, Mr. Francis Bailey, 
Mr. De Morgan, Mr. "Woolhouse, M. I'raneosnr, M. De Launay, 
and M. Biiot, whose works have been constantly before him. 
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ASTRONOMY. 



ASTRONOMY. 

g 1. The science which treats of the heavcDly bodies is called A-iiron- 
omy. It 13 divided iDto Physical and Spherical AsttODomy. 

I 2. Physical Astvoaomy is asj^tem of Mechanics, in which the forces 
are universal gravitation and inertia, and tiie objects the gigantic masses 
that move through indefinite space. It treats of the physical conditions 
of the heavenly bodies, tlieii' mutual actions on each other, and explains 
the eauseiS of the celestial phenomena, 

§ 3. Spherical Astronomy is mainly concerned with the appearances, 
magnitudes, motions, aiTangements, and distances of tlie heavenly bodies ; 
and seeks to apply the deductions ftom these to the practical wants of 
society. It is a science of observation, and its principal means of investi- 
gation are Optical and Mathematical Instruments. This hi'anoh of As- 
tronomy will form the subject of the present volume. 

§ 4, No subject calls more strongly upon the student to abandon first 
impressions than Astronomy. AH its conclusions ai'e in atnting contra- 
diction to those of superficial observation, and to what appears, at first 
view, the moSt positive evidence of the senses. 

I 5. Every student approaches it for the first time with a fii-m belief 
that he lives on something fixed, and, abating the inequalities of hill and 
valley, that this something is a flat surface of indefinite extent, composed 
of land and water ; and that the blue fii-mament which he sees aiound 
and abo\'e him in the distance is a stationaiy vault, upon the surfiiee of 
which appeal' to be placed all objects out of contact with the ground. 

§ 6. The Earth on which he stands is divested by Asti'onomy of its 
flattened shape and of its character of fixidity, and is shown to be a 
globular body turning swiftly about its centre, and moving onward through 
space with gieat rapidity. It teaches him that his vault lias no existence 



-d by Google 



2 ASTKONOMT. 

in fact, and is but a mere illusion which comes from looking tlirongii the 
iuUefliiite space, extended ivitiout limit, in ivhieh he is moving. 

§ Y. Wei-e the Earth reduced to a mere point, and a spectator j'laeed 
upon it, he would see around him ^t oup view all the bodies which mate 
up the visible imivei'se and m the absence of any means of judging of 
Iheir distances from him, would lefei thpm m the direction in which they 
Tvere seen ftBrn his station, to the concave sui'faee of an imaginaiy sphere, 
having its centre at his eve and its surftce at some v^t and indefinite 
distance. 

SOLAR SYSTt;M. 

I b i^ hItL olscriatun wouli 1p 1 him lo f n luie thit b> fai the 
greater number ot these bodies appen hxed while the lest seem (ver on 
the moie Lontinuallj shifting their positions with resject to those which 
appeal hsed ^nd to each other The foimer aie cilled Fixed Stars 
the ]atti.r compose vibat is cilled the '^olar Ststkm, a t,ioup ot bo lies 
tiom which the fixel stits are so leuiote is to proluce ujon it no appri, 
ciable influence 

§ <} All bodies attract one inithei witli intensities which iie pr por 
tional tc the -j^uantitj of the attiactiiig misses ditectly, and ti the f-i^u^es 
of the distinces inyen=e!y Analyt Mech | 205 

g 10 Bodies resist ty then inertii -ill ch^n^e in then ictuil state of 
motion this lesist^ncc la exerted ^imnltaneoush 'i^ith the change and is 
alwajs e:)inl m intentalj and contriry in duection to the foice which 
produces it 

§ 11 The bodies of the yjlar sj=tem have moti ns that earri them in 
directions oblique to the lines aloni^ nhich then mutu«d atttictuns aie 
eserted The attncfive foiccs ditw them aside from these diiections 
inertia lesists by an equil and contraiy reaction, ind the bodes are 
forcpd into cuivihneai paths and made to levolve about the cent e of 
inertia of the whole 

§ 12 Tims the antagonistic fiices of gia^itation anl ot ineitia aie the 
simple but eSiuent causes which ke p the bodies of the soHr sjsteni to- 
gethei IS a single group, and impiess ujon it a ihaiacter of stability and 
perpetuity Bat for the force of gravitation the bodies would sepirate 
more and more, and wander through endless space ; and hut tor the toroo of 
mertia, that of gravitation would pile them together in one confused mass. 

I 13 The force of gravitation increases rapidly with a diminution, and 
deci eases as rapidly with an augmentation, of distance. Those bodies 
whith IIP nearest exert, therefore, the greatest influence upon one another's 
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SOLAR SYSTEM 

motions. Bodies wmj aiug an insulated giou[ v/ pci n the r e ol 
tions among each othei undistiiilcd by the act n ot tto'« ti ilio t j.ro 
Tided the distanwa of the lattei beverygeit n comiaion to those 
■which sepai'ate the indniduala of the giiup 

§ 14. Tiis is a charactenatio oi the wlar sy tem Its own d mens oua 
vast as they are when expic-^ed m teims ot anj 1 near i n t w th 1 cl 
we are famihar, are utterly msigmficant when c pire 1 vilh Is d st nee 
from the fixed stars. Ench cf the Uttei 1 y > t e of tl r i bvejy get 
distance, acting npoa all the bodies of the jsfen equally and uj a lie! 
directions, the efiect of the whole i,an only be to move the gioui collec 
tively through sf ace 

§ 13. The same thing tnte^ pl^ce upon a smaller scale within the solar 
system itselE Some of its members are so close together, and at the same 
time so far removed fiom the othei'' is to be forced to revolve about one 
another, while the combined action of the rest carries them as a sub-group, 
80 to speak, about the centre of ineitia of the whole. 

§ IG. The mass of the sun so far exceeds tie sum of the masses of all 
the other bodies ot the sytem, as to thiuw the centre of inetiia of the 
whole 'group witlim the buundiry of its own volume ; and although the 
centre of the sun actuilly revohei abcut this point, yet its motjon be- 
comes so small, nhen viewed ffom the distance of the eai^th, that it is in- 
sensible except thiougli the medium of the most refined instruments. All 
the other bodies are, therefoie, said tu reiolve about the sun as a centre, 
and it is from this fact, and the controlling infiuence which this latter 
body exerts over the motions of all the othei's, that the system fakes its 

§ 17. The same is tiTie of the sub-groups;, the mass of one of the bodies 
in each being so much greater than the sum of the masses of the rest as 
to cause the latter to revolre approximately about its centre, while this 
centre revolves about the sun, 

§ 18. The patli a body describes about another as a principal source of 
attraction, is called an orUt. 

■ § 19. Those bodies wliich describe their orbifs about the sun aie called 
priiTiary, and those which describe their orbits about the primaries are 
called secondary bodies. These latter are also called Satellites. 

Of the primary bodies there are .three distinct classes, differing fifom 
each other mainly in flie shape of their orbits, their densities, and gen- 
eral aspects. 

§ 20. A body subjected to the action of a central force, whose intensity 
varies as tlie square of the distance inversely, must describe one or other of 
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i ASTROJS'OMT 

the conic sections, depending upon the relfition between its vulocity and 
the intensity of the central force. . The orbits that are known to belong to 
the aolar system are ellipses. 

§ 21. Those primaries which move in elliptical orbils of anall eccentri- 
cities are called Plakets. Those primaries having orbits of great eccentri- 
cities are called Comets. Comets are also distinguished from planets iu 
having a degi'ee of density so lovif as to give some the appeai-ance more of 
a vapor than of a solid body. 

§ 22. The solar system conasts then of the Sun, Planets, Coniets, and 
Satellites. Setting out from the sun, the known planets, with their naiiics, 
occur in the following order, viz. : Mercury, Vmus, the Marth, Mars, 
then a class called the Plainetoids, of whicJi seventy-one are known at the 
present time, Jupiter, Saturn, Uranus, and Neptum. See Plate I., Fig. 1. 
To these must be added a multitude of much smaller bodies of the 
nature of planetoids, whose existence is infeiTed from the fact that some 
of iheir number make their way now and then to the earth's surface under 
the name of meteors. 

§ 23. It would be utterly impossible to g^ve within the narrow Jimifs of 
an octavo page a graphical representation of the relative dimensions of the 
solar system ; and to aid tjie conceptions of the student, Sir John Herschel 
hai instituted the following illustration, viz. : On any well-levelled field 
place a globe two feet iu diameter ; this will represent the sun ; Mei-eury 
will be represented by a grain of mustard-seed on the circuraference of a 
circle 164 feet in diameter tor ita orbit , Venus a pea on the cirtumterenc 
of a circle 284 feet m diameter , the Eaith also a pea on the uicumferpuu) 
of a circle 430 feet m diametei , Mil's a tather large pin's head on tho 
circumference of a circle of 654 feet .diamett! , the Plaaetoida giiins ol 
sand on drculai orbits vaiymg tiom 1000 to 1200 feet m dnmetei , 
Jupiter a moderate sized oiange on a ciit,umference ne'U'ly halt t mik 
in diameter ; Saturn a small oraugL i u the cucumfeTence of a cucle four 
fifths of a mile in diameter , Uranus a full sized cheiij on the circumfer 
CQCe of a circle more than a mile and i half in diameter , and Neptune 
a good sized plum on the oucumfeienLK ot a cucie about two miles and i 
half in diameter. To illustiate the relative motiou'f, Meicuiy mu'.t desuibe 
a portion of its orbit equal in length to its owa diimetei m 41 stconils, 
Venus in 4 minutes and 14 seconds, the Earth in 7 minutes, Mara m 4 
minutes and 48 seconds ; Jupiter in 2 hours and 56 minutes , "Saturn in 3 
houra and 13 minutes ; Uranus in 2 hours and 16 minute-, and Neptune 
in S hoars and 30 minutes Now conceive the two feet globe tu 1 e iii 
creased till its diameter becomes 880,000 Eughsh miles, lud supjose the 
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SOLAR SYSTEM. 5 

other bodies and tlieir distances inci'cased in tlie same proportion ; die re- 
sult will represent flie dimensions of the solai' system. It will give to 
the earth a diameter of nearly eight thousand miles, a distance ftom the sun 
equal to 95 millions of miles, and a Telocity tliiough. space, around the sun, 
of 19 miles a second. 

The orbiis, although referred to as circles, are in fact ellipses, but of ec- 
centiicities so small as to justify the substitution for the mere purposes of 
the illustration. 

I 24. The fixed stars are self-luminous. The sun is regarded as one of 
this class of bodies, and by its greater proximity to the eavtli, becomes the 
principal source of heat and light to its inhabitants. 

§ 25. The plauets and satellites are opaque non-luminous bodies, and 
are visible only in consequence of light received fix)m the sun and reflected 
to the earth. 
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SPHEEICAL ASTRONOIT. 



MOTION. 

g 26. Motion signifles the condition of a bodj-, iu viittie of wMch it oc- 
cupies successively difl'erent places. But we can fovm eg idea of place ex- 
cept by referring it to oilier places, and these Rgain, to be Imoivn, must be 
referred to otheis, and so witbout limit ; so tiat place is, in its very nature, 
entirely relative. Motion is, from its deflnilioii, therefore, also relative, 

§ Q'l, We judge of flie rate of motion by the greater or less rapidity 
with which the object possessing it vai'iea its diatsBce from other objects 
assumed as origins. These origins may themselves be in motion, but if 
the circumstances of the spectator he such as to deceive him info the belief 
that they ai'e at rest, he will attiibute a]J change of distance to a motion 
wholly in tlie object which, he refers to them. And this is one of the most 
fruitful sources of the many erroneous notions witJi whicli students gener- 
erally commence the stndy of asti'onomy. 

§ 28, If two objects be in motion, and tliey alone occupy the spectator's 
feld of view, the eifeot to him will be the same if he suppose one flsed, and 
attiibute the whole of its motion to the other in a contrary direction ; for 
this will not alter the rate by which tliey approach to or recede from one 
another. 

PARALLACTIC MOTIOtf AND PARAILAS. 

§ 29. The real motion of i t t so t the appearance of 

motion among suri'oimding obj t h h 3 ti ly at rest. Objects 

in front of him seem to separat f m n n th th se behind appear to 
approach one another, and thos d tly t th right d left seem to mo\'e 
in a direction parallel to his own motion. 

A si>ectator, for example, ti-avelling over a plain studded with trees or 
other objects will, on fixing his eyes upon a single object without with- 
drawing his attention from tlie general landscape, see ov think he sees the 
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CELESTIAI. SPHERE. 



latter in rotary motiou about that object as a centre ; all objects betweeii 
it and himself appearing to move backwaid, or contrary to his own motion, 
and all beyond it, forward or in the direction in which he moves. 

This apparent change in the relative places of objects arising from a 
shiflingof the point of view from nh 1 tl ) se nil d pai-allaclk 

moiiow ; and the amount of angula h tli ust f auy panie- 

. ulw object is called the parallax of th t hj t 

I 30. Let i* be the place of a hj t C d 5 tl 
places from whiuh it is seen ; and 1 t ts j 1 ce be t d 
to some point Z', on the prolon t t th 1 Cb 
which joins the points of view. Ti 1 hang th 

place of P as seen from C mid S \ 11 b 

Z'SP-Z'CF=SrC=th f 11 tF 
That ia to say, the parallax of an bj t tl I 

Undid at ike object by the distance b I th 

from tahich it is seen. 

Make OP=d; CS={>; the angle Z'SF=Z; 
Then from the tiiangle CS P, we have 




"-=3-"^ ■• W 

Whence the parallax increases with an increase of the speetator'a change 
of place, with diminution of the object's distance, and also with the appros- 
imation of/ to 90° 

§ 31. All othei things hemg e^ual the piiallax will be less as the ob- 
ject's distance is greater .md when the parilla\ i-, zero for any arbiUiwy 



value of 2, the factor 
place must be utterly ii 



must he z 
;ignificaiit ii 



:o and the thange of the spectator's 
omp-iiiaon with tlie object's distance. 



CELESTIAL SPHEI E 

§ 33. Now, when the heavens ai-e examined it is found that by far the 
greater number of the celestial bodies have no sensible parallax, while 
comparatively a few have. The first are the fixed stars ; and they are so 
called from the iaet that they always preserve the same angular distances 
from any assumed point and from each other, from whatever station on the 
earth they are viewed. The second aie bodies of the solai' system. 

§ 33. The fixed stars are, therefore, beyond limits at which objects cease 
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to be "yinsibly aftecfpd byj.'iraOix The gieat coDcave cf the heavem, 
iijjon nliicli iha fixed stiis apppii to be -.itinted, is cjlled tlie celestial 
sphmc Not onlj, theiefoie, ]3 the longest lectihneal dimensioii of the 
piith, but alw the ilistance between the jiomtsiot its oibit -jbout the sun 
most remote ttom each othei — a dl'^t^nee, i^ we shill see la the sequel, 
equal to one hundred and ninety millions ot miles — utterly in=)E;iuficant 
when exp-eosed in term^ ot the i idius of the celestiil sphere is unitj A 
sjjhere laige enough to contamtiie entire oib t of the earth is 1 mere pomt 
m corapinaon with the vast \olume embiiced by the celestial sphere 
The centre of ike earth "may, therefwe, always he regarded as lite centre of 
the celestial sphere. 



SHAPE OF THE EARTH. 




§ 34 The c'irth bemg the sf iHon from „^ ^'e a 
which all the thei heivenly bodies iie 
viewe(3 is the first to eliim. attention It 
has Veoii repeatedly uioumn-iv g ted in dif 
eieat dii ections and the port ona of its sm 
fiico visible troiu elevated positions m the 
midst of extended planes oi at sea, aliv'i,}a 
appeii IS cirtles ot ivhich the spectator 
seems to occupy the centie The ippirent 
diameters if these cirolra measured by in 
stiumentR, aie smaller in pioportion as the 
points of view S ate moie elevated The earth is theretoie 
for to sin.h figures alone belong the piopeity of alwy 
view 1 ciculai outline 

§ 80 Ty the figuie of the earth>is meant its general shape without 
regaid to the irregularities of suitice whieh foim its hdls ani valleys 
These are relatively insigmfioant anl are dniegaideil m speitmg of the 
ei ths toim They are leas in pioporticn to the entre earth than the 
piotubemuces and inlentatious on the iuifece otasraoothoiaage are to 
a I une eize specimen ot that ^ruit The earth is an oblate sjlieroid and 
the opeiatons andmethol of computations by %\hich ifs p cise m ffni 
tude and prf portions aie tound will be g 

The shortest dia?ieter oi tht euth ib ealled its a 
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nl'tiy oi tho \ '.itl poitim of thp ea ths ■^lllt^l■p =up 
1 olli 1^ ciUi'd the eennble honzon The seniiible hoiizon 



_gaE"-r. 



It rotntea upon its asia, 
evolution is called a day. 




la i^nlv =10611 it sea, or on extended pkio" At mo«t locahties on hud it is 
hiokpn by hilh valleys and otlier otjeLt-! 

I 87 The earth conceilsliom us that portm 
sibla horizon while all aboTe is exposed to Mew 
and the peiiod leqmrel to jerfuim me entiio 

§38 E^ery spectator IS earned about 
the eaith'i -ixia in the ciicumiireiicp of 
a ciicle and ivhile the e'Ctent ot tha 
visible poriiun of space remdina nn 
changed diffeieiit regions aie ci^ntinu 
allv passing thiough the field of Yit,w 
The horizon oi a pcctatoi ■« 11 be e^er 
depiessmg ifself below those faodiea 
wh ch he m the regi™ of spice t*iwnrds 
which he is earned by the rotation and 
elevating ilself above thoae in the oppo- 
site quarter ; thua snccesavely bringing into v 
the latter. 

§ 39. The spectator bsing unconaoioua of hia own motion, coDoludea, 
fiTDTO flret appeavancea, that his horizon is at rest, and attributes tlieae 
changes to an actual motion in the objects themselvea. Instead of his 
horizon approaching the bodiea, he judges the bodies to approach his 
horizon; and when it passes and hides them, he regards them aa having 
Bunlc below it or set, while those it has just disclosed, and from which it 
is receding, he considers as having come up or risen. 

§ 40. One entire revolution' about the axis being completed, the spec- 
tator returns to the place from which he commenced his obsei-vationa, and 
he begins again to witnesa the same succession of phenomena and in the 
same order. All the heavenly bodies appear to occupy the same places 
in the concave sky which tliey did before. 

§ 41. Thus the rotation of the earth about its axis produces the daily 



V tlic fori 



!• and hiding 



-dbyGoogle 



10 SPHERICAL ASTEONOMY. 

riaDg and settiug of the sun — the alternation of day and night ; also the 
rising and setting of the other heavenly bodies, their progress through the 
vault of the heaveaa, and their return to the same apparent placiis at short 
and definite intervals. 

§ 42. The apparent motions with reference "to the Loi'izou hy which 
these daily reeuning phenomena ai'e brought about, are called the diurnal 
motions of the heavenly bodies. The real motion is in the hoiizon, tie 
origin of reference ; it is only appai'ent in the bodies themselves. 

DEFIKITIONS. 

§ 43. The axis of the celestial spheie is the axis of the earth prixlueed. 

§ 44. The poiei of the earth are the points in which, its axis pierces its 
siirfaee. The pole nearest to Greenland is called the north, the other the 
south pole. 

§ 45. The^^&s of the heavens are the points in which its asis pierces 
tie celestial sphere. That above the north pole'of the earth is called the 
Moi-iA, (he othei' the south pole. 

g 46, The earth's equator is tlie intersection of the earth's suiface by a 
plane through its centre, and perpeadiculai to its asis. 

§ il. The equinoctial is the intersection of the surfaco of the celestial 
sphere by the same plane. 

§ 48. A meridian line is the intersection of the earth's surface by a 
plane through its axis and the place of a spectator. 

§ 49. The celestial meridian is the intersection of the surface of ilie 
celestial sphere by the same plane. This is often called simply tlie me- 
ridian of the place, 

§ 50, The poles of the celestial meiidian ai'e called the JSast and West 
points ; tliat towaids which the spectator is moving by his diurnal motion 
being the East, that from which he is receding the West 

I 51, The apparent zenith anl aipatent nadii aie the points in whidi 
a plumb-line produced intereects the belesbal spheie that ovei held being 
the zenith. 

§ 53, The ratimml horizon is the intersection of the celeatial spheie hy 
a plane through the earth's centre ■md pei'penc'ieulai to the line ot the 
zenith and nadir. The plumb-line ieing always normii to the eaith's sur 
iace, the plane of the rational honzon is paiallel to the plane tingent to 
the eai'th'a sm-face at the speetitoi's place, and these planes inteisect the 
celestial sphere sensibly in the same great uicle 

§ 53. The (Up of the hori^ioi the in__l win h the t:kmt.nt-, ft ■* 
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usual cone, iihoie vertex la in tlie eje of the spcttatoi, ^nd whose surface 
IS tangent to thit of thi earth ilon^ the stiiMble honzon, mike mth the 
tangent plane to the eiifh at the sjiectatoi a jihee The dip i-* gieiter in 
proportion as the tpectators elevation above the eirth is gieatti When 
the eye is m the eaiih's suriace, the dip is zero, aad tlie visual cone be- 
comes the tangent plane Ihii coincident e will alivivs be tupposcd to 
exiht unless the oontniy is specially iiotn,ed 

§ 54 The latitude ot a place on the e-uths ani-face la the aic of the 
celeiitiiil meiidian £Lom the equinoctial to thp zcmth ot the plice It k 
always me^stiied in degiees, minutes, second^ and thiidi Lititude is 
reckoned north oi south, that leckonei toivaids the noitli pola being 
called uoith latitude that toivardi the siuth pole, south latitude The 
greatest latitude a pla»> can haie la 90° this bbini; the latitude of the 
poles of the eaith 

§ 55 Pa7 alkh of latitude aie small cni-ks on the earth's =uiface par 
allel to the eq^uatoi All plates on the s me piiiUel ha^e the same 
latitude, 

§ S0 The loiigilvde of a plaa. on the tilths suiface is the ii of the 
equinoctial mteit,epted between the me itlian of the yhc/^ and that of 
some otliei place assumed as i flist mpndian It is called Enst oi West, 
according as it -is leckoned in the diiection tiom the tii-st meudian towaida 
its east or west point. For ike aaie of uniformity, it will, in tlie test, al 
ways be reckoned in the latter direction. The English estimate longitude 
fi'om the meridian of Greenwich, tlie Fi'encJIi fi'om that of Paris, and other 
nations from other meridians. In the United States, for most geographical 
purposes, it is estimated from the meiidian of "Washington. 

I 57. A vertkal circle is the intersection of the celestial sphere by a 
plane through the zenith and nadir. 

Thepi'me vertical is the vertical circle whose plane is peipendicnlar to 
that of the meridian. 

I 58. The north and iOUilt points are the poles of tlie prime vortical ; 
that below the north pole being called the north point. 

§ 59. The Azimuth of -i body is tlie angle which a vei-tical circle 
through the body's watie makes with the meiidian. It is measured on 
the horizon, and from the south towards the west, or from the north tti- 
wards the west, according as tlie north or south pole is elevated above the 
horizon. It may vary from 0° to 360°, 

§ 60. The seniih distance of an object is the angular distance from 
the apparent zenith to the centre of the object, measured on a vertieal 
circle. 
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§ 61. The altitude of an object is the angular distance fi'om the horizon 
to the object's centre, measured on a vei'tioal cu'ole. 

Tlie azimutit and zenith distanos are a ^des of polai' co-ordinates for 
the designating an object's place in tlie heavens. By making the azimuth 
vaty from zero .to 360°, and the zenith distance from zero to 90°, every 
visible point of celestial apace may be defined in position. 

§ 62, A declination circle, or hour circle, is the intersection of a plana 
tiirongh the asis of the heavens with the celestial sphere. 

I G3. The decUiiation of an object is the angular distance of its centre 
from tbe equinoctial, measured on a declination circle. The declination 
may be north or sonth, and may vary from 0° to 90°. 

I 64. The polar distance of an object is the angulai' distance of its 
cenii'e from the celestial pole, mesisured on a declination circle. 

I 85. The right ascension of an object is the angle which a declination 
circle through the object's centre mates with a declination circle through, 
a certmn point on the equinoctial, called the Vernal Mquinox. This angle 
is measured upon the equinoctial, and eastwardly in direction. 

§ 66. The polai- distance and light ascension are also a kind of polai 
co-ordinates for defining the places of celestial objects ; for this purpose it 
is only necessary to cause the light ascension to vary from 0° to 360°, and 
the polar distance to vary ftom 0° to 180°, to reach every point in the 
celestial spkere. 

§ 67, The hmir angle of an object is the angle which its honi' cireb 
makes with the meridian of the place. It is estimated from the meridian 
WKtwardly, and may vaiy from to 360°. The hour angle may be em- 
ployed, instead of the light ascension, with the polar distance to define an 
object's place. 

To illustrate, let the plane of '%■ 

the pajwr be that of the meridian ; the 
cii'cle JfZ OJ'T'its intersection with the 
celestial sphere; P P' the axis of the 
heavens ; P and P' the north and south 
poles respectively ; Z and N the zenith - 
and nadir lespectively, and the earth a 
mei'e point at C; then will the circle 
QWQ' E, of which P and P' are tlie 
poles, .be the equinoctial; HWOS, of 
which Z and JV are the poles, the hori- 
zon ; E and W, the poles of the meridian, will be the east and west points 
respectively ; the arc Z Q will be tlie latitude, Z SA a vevtical circle, 
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ZS the zcAiitli distance of the object 8, AS its altitude, atid OWA ite 
azimuth; P5 mil be its polar distance, D S its declination, ZPS, meas- 
ured by Q D, its hour angle, aud if F be the vernal equinox, Fi> will be 
its right a 



INSTRUMENTa 

g 68. Most of the data with which the practical aitrot 
come from measurements made in the circles just refei-red to, by means 
of certain astronomical inst rumen la. These iusirumenta are cieecribed, 
and their theory, adjustments, and uses explained, in Appendix II. 
The student should study, in connection with short daily lessons of the 
test, from this point, the Cloi\k, Chronometer, Transit, Mural Circle 
and Azimuth and Altitude Instrument. The otiiers should he taken 
up where referred to, in the order of the text. 

PROPORTIONS OF LAND AND WATER— THE ATMOSPHRRE, 

I 69. To resume the consideratioa of the eaith. About three-fourths 
of its surface ai*e covered with water, and the gi'eatest depth of the sea 
does not probably exceed the greatest elevation of the continents. 

The earth is surrounded by a gaseous envelope, called the atmosphere, 
the actu d thickness of which, were it reduced to a uniform density 
throughout, equal to that at the surface of the sea, would be about 
five miles But owing to the law which regulates the pressure, density, 
and temperature of elastic bodies, it is much greater than this. The dif- 
ferent strata, being relieved from the weight of those below them, become 
more expanded in proportion as they are higher, and the place of the su- 
perior atniospheiic hmit must I'esult from an equilibrium between the 
weight of the tei'minal stratum and the elastic force of that upon which 
it rests. The laws just refeiTed to indicate that this hmit caunot be much 
higher than 80 miles. 

§ 70. The atmosphere is not perfectly transpai'ent Tlie sun illumines 
its particles ; these scatter by reflection the light they receive, particularly 
the blue, in all directions, and produce that general illumination called 
daylight, and gives to the sky its bluish aspect. But for this difi'usive 
power of the air, no object could be visible out of direct sunshine ; the 
shadow of every passing cloud would be pifchy dartness, the stars would 
be visible all day, and every apailment into which the sun did not thixiw 
his dii'eot rays would he involved in total obscurity. In ascending to 
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the summits of high mountains, t!ie diffused light Incomes less and Teas, 
the sky deepens in hue, and finally, at gi-eat altitudes, approaches to total 



§ 7i. The auparior illumination of the atmospher 
Bolar light obliterates, as it were by contiast, the light from almost all 
the other heavenly bodies, and few, if auy, of the latter are seen when 




REFRACTION. 

§ 12. Luminous waves which enter the atmospheie ohliqiielj ire, ac- 
cording to the kws of optics, deviated, by the latter fiom thui collide, and 
made to exhibit the objects from which they proceed in positions different 
from those they actually occupy, and thus falsa impiessiona are piodnced 
in regaid to true places of the 

Take, for example, a spectator 
oa the earth aiA; and let LDL 
repi'esent a section of the supe- 
rior limit of the atmosphere, and 
JiAA' that of the earth's sur- 
face by a vertical plane. A star 
at S would, in the nl^enoe <f 
the atmosphere, appear m tl p 
direction AS; but n leiltj 
when the portion of the luminous 

wave moving on this J ne if aches -^ , . _^ 

the point J), it is tumel donn -^ 

wai'd, and made to come to the 

earth at some point A \ uiau a^ 

a course such as to bnng its sul i 

curve, as DA', whose cui-vature inci'easea towards the eai-fh's sui'faoe, in 
consequence of the increasing density of the atmosphere in that direction. 
This part of the wave cannot therefore go to the spectator. Not so, how- 
ever, with a portion of the same genesal wave incident at some point as 
D', nearer to tlie zenith ; tbia, after pursuing a path D'A similar to DA', 
will reach tlie spectator at A, and cause the body fi-oai which it ori^nally 
proceeded to appear in the direction A S', tangent to the curve at the 
point A, the effect being the same as though the body had shifted its 
place towards the zenitli by the angular distance S A S'. 

§ T3. The air's refraction, thei-efore, diminishes apparently tlie :ienith 
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distances of all bodies, and increases their altitudes. Any body actually in 
the horizon will appear above it, and any body appafeutly in the hoiizon 
must be below it> 

§ 74. It is also obvioua that refiactioa can only take place in the ver- 
tical plane through the body, since tiis plane is always noraial to the 
surfaces of the atmospheric strata, and divides them sj'mmeti'ically. Ee- 
fiiictlon will not, therefore, in general, affect tlie azhnnth of a body. 

§ "75. This apparent angular displacement of a body fi'om its true 
place, caused by the action of the atmosphere upon its luminous waves, is 
called reffoction ; and various formulas have been constnicted to compute 
its exact amount One of tlie liest of these is by Littrow, which has the 
merit of depending upon no special hypothesis in regard to the constitu- 
tion of the aimosphere, being constfucted upon the most general princi- 
ples, and fi'om known and well-ascertained data. 
§ 76. Make, 

Z ^ 2' ..4 *S' ;= obseiTed zenith distance ; 

r ^ S A S' ^ eoi'reapondiug refraction ; 

h = height of mercurial coluniu, which the atmosphere supports ; 

t = temperature of the air and of tlie mercury ; 

a = coefficient of atmospheric expansion for each degi'ee ofFahr.; 

/3 = coefficient of expansion for mei'cury, snmo therm ometiic scale. 

Then, Appendix No. HI., 

7 iec'24-0.000001S9 \ r, ) (2) 

as being insiguiiicant for or- 



■" ao'i+((-60)o 


,..(.- 


or, omitting the last term h 
dinary ajnith distances. 


1 the pa 


^7" 82 ^ ^^^^^ 
■" '3o'l+(i- 


-SO)™' 


Whcn A = 30, and t = bQ, 


equatic 


r, = 57".62 tan2{l 



t;iii 2.(1 — 0.0012517 seo'Z) . . (3) 

Q ( 3 ) becomes 

- 0.0012517 360° 2) =^ . . (4) 

and the results ^ven by this formula for different values for Z are called 

mean refractions ; and for any other state of the theimometer and barometer, 

_ ^ 1_+ (50- t)^ 

^~ ■iio'r+ (i^^o'tyj^' 

and taking logarithms, 
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same indicationa ot these instruments. 

Example. — The!enitb distajice of au object is observed fo be 71° y6'00", 
tlie barometer standing at 29,76 in., and the thermometer at 43° Fabr. : 
required tlie refraction. 

Table I. Mean reftaction, log. 3.23609 

Table 11. B.arometer 39.76 " 9.90651 

Table 11. Tliermometer 43° " 0.0066S 

Refraction 2' 53".49 . . 3.23928 

Observed zenith distance . . .71° 26' 00".00 ' 



Zenith dist <Jearedfrom refraction 71° 28' 53".49 



The refraetiou must always be added to the observed zenith distance, or 
subtracted from the observed altitude, to clear an observation from re- 
fraction. 

PARA.LLELISM OF THE EARTH'S AXIS, AND UNIFOKMITY OF THE 
EARTH'S DIURNAL MOTION. 

§ 79. Wherever upon the earth's surface the altitudes and instvu- 
mental azimuths of a star are taken in the vaiious points of its diurnal 
course, and the instmment is turned in azimuth, so as to read the half sum 
of two azimuths, corresponding to any two equal altitudes, the vertical 
plane through the lino of coUiraatiou is found to divide the path sjmmetr 
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noally, andtJus plane of svmmetiy foi iny one stii vill at the same 
place of obbeivation ako be a plane of ^jmrnstiy foi ill the sti'.rs. In 
other ■woi Is the diurnal paths ot the =tars may be divide! Bymmetiically 
ly mj number ot jhnes mclined to one another thiough tlie earth's 
(.Liitre — A con lition which can r nly he fulfilled foi piths upon the celes- 
tial sjhere wSieu these paths are ciiclea ot which the poles comcide, and 
the planes of sjmnietn pass thiough them 

The Jiuinal motims of the ?tiM are only appiient anl aiise from an 
actual mutiun of the spectttor about the eirths axs Ths latter line 
pieseiTBS therefoie, its direction unchansred, -md m the motion of the 
earth around the '■un descnbea a cylmdncal siirt ice ot which the elements 
have their vamshmg joint m the pules of the celestn! sphere. These 
poles aie therefore the geometric f olea it the d urnal piths of the stars, 
and the planes ot symmetrv are the mend in plines of the places of 
ot'-eiMtiou 

§ bO Again the mteival of tiae duiing which i siar n muring be 
tween iny two gnen titiiudes on one sde ot the jlnne ct symmetry, is 
e\actlj e^uil to that dm ng which it is moving between the equal alti- 
tudes on the opposite aide which con onlj be line foi all positions of the 
obsener when the stai s ^ipin'nt, oi the ea tks jeal motion about its 
(Uis IS umfo m 

§ 81 The penod ot one levolution of the eiith iLout its axis is called 
a day the day is dmded into 24 equal part= c died hou a ; the houra 
into 60 equal pasts called mimites ; the minutes into 60 equal parts called 
seconds, and the seconds into 60 equal parts called thirds. 

§ 82. The earth rotates therefore at the rate of 360-^24=15° an 
hour; 15' of space in 1 minute of time; 15" of space in 1 second of time, 
or 15'" of space in 1 third of time. 

§ 83. Distances on the equinoctial may therefore be expressed in 
time or space at pleasure, the former being convertible into the latter by 
mu It i ply ill IT by 15, or the hitter into the former by dividing by 15. 

§ 84. To distinguish hours, minutes, and seconds in time, from degrees, 
minutes, and seconds in arc, the formerareusuallydesignated by the' nota 
tion h, m, s, and the latter by °, ', " ; thus an arc upon the equinoctial 
may be written SSV 39' 38", or 23'' 50" 38'.5. 

§ 85. To find the mstntmental aeimuth of t!te meridian of a place. — 
Bring the line of collimation of an altitude and aamuth instrument, prop- 
erly levelled, upon a star in the east or west, clamp the veitical circle, and 
read the insti-umental azimuth ; then by an azimuthal motion bi-ing the line 
of collimation upon the star when in the west or east, and again read the 
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aidmiitli : the half sum of the two will be the instrumental azirauth sought 
To hring the line of coUimation into the meiidian, turn the instniment till 
it reads this half sum, 



UPPER AND LOWER DroRNAL ARCS.— CIEOTJilPOLAR BODIES. 

§ 36. The diurnal paths of the heavenly hodies which are cut by the 
Iiorizon ai'o, in general, divided by the 
latter unequally. The portions oT these 
paths above the hen/ n are called the 
upper, and those below the lo oer d urn I 

§ 87. To find, for any spectaf tb*, 
relation which these ares bear to one ^n 
other, \^i PQP' Q be fie mend an P 
the elevated pole, QQ tl e eq noct al 
Z the z«nith, H W H the ho zo 
S'SS"S"' the d mal path f ny 
body, the earth being i mere po nt at E 

then will S' S S" be tht, uppei, and S S & the loner diurnal arc. 
Make 

I = Q Z, latitude of the spectator, 
P =^ P S", polar distance of the body, 

P = ZP S", the hour angle of the body when in the hoiizon, 
E = 2 S", zenitb distance of the body in liorJzon. 
ThenJn the tiiangleZ PS", because -PZ = 90 — /, 

cos z = cos p sin i + an p COS ; cos P . . . . 




but 


3=90°, whence 




O = co!j,.m! + mjie« 


or 


tony 


If I 


= 0, or/>= 90°, tlion will 




cosP=0, andi' = 90 



that is, if the spectator be upon the equator, or tlie body upon the equi- 
noctial, the setai-iipper arc will be six hours, and the body will be as long 
above 03 below tlie horizon. 
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lip<t, then will 

cos P < - 1 ; 
which is impossible, and the place of the body can never satisfy the con- 
dition that 3 ^ 90°. In other words, when the polar distance is less 
than the latitude of the spectator's place, the body can never sink to the 
liorizon, and will ever remain in the field of perpetual apparition. Such 
bodies, as well as their diurnal paths, are said to be circmnpolar. 
lip = i, then will 

cosP=-l; ^ = 180°^ 12''; 
that is, wben the polar distance of the body is ec[ual to the latitude of 
the spectator's place, the body can never sink below the horizon, but will 
iust graze it in the meridian,' 
If J3> i, andjJ<90°, 

cos P < 0, cos P > - 1 ; P > 90°, P > G" ; 

that is, all bodies between the elevaled pole and the equinoctial, will be 
longer above than below the horizon. 

■If p>h and P > "0". 

cos P > 0, cos P < 1, P < 00°, P <&'; 
tliat is, if the body and the spectator be on opposite sides of the plane o( 
the equinoctial, the semi-iipper arc will be less than six hours, and the 
body will be a shorter time above than below the horizon. 

If ^ = 180°— I, then will tan^^ —tan I, and 
cosP— I, P^0° = 0''; 
that is, when the body is at a distance from the depressed pole equal to 
the latitude of the place, the body will never rise abave tlie horinon, but 
just graze it in the meridian. 

If p < 180° — I, then will tan p < ~ tan I, and 
cos P > 1, 
which is impossible. That is to say, if the body's distance from the de- 
pressed polo be less than the spectator's latitude, the body can never rise 
to the horizon, and must ever remain invisible. 

§ 88. The act of a body's passing the meridian, is called i%i- In 
lion. A body has its greatest or least altitude at tl e nstat t of it« 1 
mination. The altitude of a body when on the me 1 & call 1 t 
meridian ultilude. 
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TERRESTlilAL LATITUDE ALD LONGITUDE. 

§ 89. Zaiit^e.—Wiim in Eq. ( 7 ) die angle ZP S"=P=1S0'' , 
then will p = I; but in this case p is tie polar distance of the point of the 
hoiizou of the same name as the elevated pole, aad henceUie latitude of the 
gpectator is always equal to the alliiude 
of ike elevated pole. 

g 90. This suggeals an easy and 
accurate method of getting from obser- 
vation both the latitude of the specta- 
tor's place and tJie polar distance of a 



1^.33. 




stai'. 

Let Z be the zenith, BJF tlie hori- 
zon, Q Q' the equinoctial, P the eleva- 
ted and /" the depressed pole, and S' S, 
the diurnal path of a circimipolar star. 
Make 

I = S:P = ZQ ,the latitude, 
p ^ P S' ^ P S , the polar distance of star, 
a' ^ SS' f the greatest observed meridian altitude of star, 

d, != IIS , the least observed meridian altitude of star, 

!■' and r^ , tbe refractions corresponding to the greatest an. 

least meridian altitudes respectively. 



Then from the figure will 



m 









(P) 



That is to say, the latitude of the observer's place is equal to the half sum 
of the greatest and least meridian altitudes of a circumpolar star ; and the 
polar distance of the star is equal to the half difference of its greatest and 
least meridian altitudes. Other metiods for finding the latitude will be 
given in another place. 

§ 91. Lmiffilude. — The uniform motion of the earth about its a.'ria &r- 
niahea the means of finding the longitude of tJie spectator's place. 

Twenty-fbnr peifect time-keepers, with dial-plates graduated to 24 hours, 
, placed upon meridians 15° apart, and so regulated as to mark 24" at the 
instant any one fixed star or othei- point of the heavens culminates, would, 
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§ 82, when this regulating star or point comes to anj one of Uiese me- 
ndiana, simultaneously mai'k tlie houre indicated by tlie natural numbere 
fcom one to twenty-four, inclusive; that 16° to the east of the regulating 
point mai'Miig l'', that 30° to the east marking 2", and so on to that 343° 
to the east, or 16° to the west, marking 23''. The timepieces to the east 
would be later and later, those to the west earlier and earlier. The times 
indicated on these several timepieces are called the local times of theii' re- 
spective meiidians. 

§ 92. If now, without altering its hands or late of motion, a travellei' 
were to transport the time-keeper of any one of these meridians to that on 
any other, and note the difieveuce of time indicated by the two, this differ- 
ence would be the difference of longitude of the two meiidians, e 
in time ; and multiplied hj 1 w Id g the same in degrees. 

g 93, If one of thes m d u be the fiist meridian, this c 
would be the longitude of th tl B t if neither be tlie fiiist meridian, 
this difference apphed to th i ng t d f me, supposed known, would gire 
the longitude of the othe 

§ 94. The solution f th p bl f longitude consists, therefore, in 
Jindiiiff the difference of the local times tektch exist simultaneously on the 
fiTst and required meridians. The various modes of doing this will be 
given in another place. 

FIGURE AND DIMKnSIOSS OF THE EARTH. 

§ 95. A fluid mass rotating about an axis, and of which the particles 
attract one another with mten'iitiei lavymg inversely as the square of their 
distances apai't, will assume the toim of an oblate spheroid. Its axis of 
rotation will be both the shcrtest and a principal axis of figure. Where 
the angular velocity is such ^ to make the centrifugal force of the sur- 
fac« elements small iji comparison with their weight, due to the athaction 
of the whole mass, the figure of the meridian section will, (§ 265, Analyt. 
Mechanics^ approach that of an ellipse of small eccenti'icity. 

§ 96. The centrifugal force of a body at the equator of the earth, 
where it is greatest, is only about j^gth part of its weight. Observations 
uixm. the temperature of the strata composing the earth's crust, lead to 
the conclusion that at no great depth below its lurioc* its materials are in 
a fluid state from excessive heat ; and the researches of gtology make it 
moi'e than probable that there was a time when the eirtJi was -nitboui 
solid matter. Its present in-egulwities of suitnce, terming mountains, 
hills, valleys, the bed of the ocean, of seTi, lakes ind nicis, iie dua to 
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chariges subsequent to flie surface mdiu-ttion ft iin Luuling, ind ts the ver 
tical dimensions of these aie insignificant m compaiiaon witli tie depth 
to the-centre of tlie entire mass, it is eonduded fliat the fi^un, ot the 
earth is one of fluid equilibnum due to its lotaiy motion 

g 9^. Assuming the meridian "tction of tho eiith to be an i-Oipse its 
eccentiieity and semi axes ate found, AppeniR Nf IV , fttm the n,ljtiona 



i' L- 



A^ 



" 1- 






(10) 



(11) 



£ = A.Vl-e' (12) 

in which 

e = the eceenfricity of the meridian ; 
A = semi-transvei'sA axis =; equatorial radius of the eai'th ; 
£ =: semi-coujugale axis ^ polar radius of the eartli ; 
c and e' = the linear dimensions of the ai'cs of the meridian, whose 
extremities differ in latitude by 1° ; 
l„ and I'n = latitudes of the middle points of Gie arcs e and c' respec- 
tively. 
The quantities ?„, l'^ e, e' are found from observation and measure- 
ment. A method by which / and V may be found is explained in § 90. 
§ 98. To find c and c', a base line AB is em-efully measured on some 
extended plain, and a number of ttations C, D, E, F, S, &c., are se- 
lected in a northerly or southerly diiection, and so that 
may be seen from A and B, J) from £ and C, E from G 
aud D, and so on to the end. The several stations being 
connected by right lines, a network of triangles is tbrined ; 
every angle in each tiianglo is carefully measui'ed, and the 
instrumental azimuth of its vertex, and that of the meridian, 
as viewed fi.'om the other two, accurately noted. (§ 85). 
The angles being cleared from spherical excess, the sides of 
the tiiaiigles are then computed, beginning of course with 
the triangle of which the measured base is one of the sides. 
The difference between the insti'umental azimuths of the 
several veitices and those of the meridian, ^ves (he inclina- 
tion of the sides to the meridian line. The product of each 
side into the cosine of its inclination gives the projection of tins sic 
ithe meridian, and the sura of the projections of any one of the serii 
sddes, mAB.BC, D, J) E, EH, and II F, connecting the most n 
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erly and southerly points, will give tlie linear meridioiml distance L L\ 
between tie parallels of -atitude througli the same points. 
Make 

a = the sum of these projectioas, expressed in miles ; 

l^ ^ the latitude of A, supposed the most northerly ; 

I, = the latitude of F, supposed the most southerly ; 

h - I. : r :■.<.'.■. c, 



k- 1. ' 
and . 

2 ■ 
'J'he same operations hoing repeated in a different locality considerably 
further north or south, the values of e' and l'„ ai-e found, and hence from 
equalioBS (10), (11), and (12), the dimensions of the earth. 

From the arcs known, as the Peruvian, Indian, French, English, Hano- 
verian, Danish, Prussian, Russian, and Swedish, names derived from the 
countries ia which the arcs were mcstly measured, Besael found, 
e' = 0.0068468, 
%A = 7S)2g,C04 miles, i 

IB = 7889,114 miles, t (13) 

Polar compression ^ 26,490 miles. ) 
§ 99, By the ellipticity of the earth is meant the difference between 
its equatorial and polar radii, expressed in terms of the equatorial radius 
as unity- Denoting the ellipticity hy j5, we have 

-s=^ = ii,.""iy (") 

§ 100. The length of a degree of latitude, denoted by ,3, in any lati- 
tude /, is, Appendix No. IV, equation {I), given hy 

,3 = iL.^._i^f^ (,5, 

"" (l-,-.iB-i)i 

The lenglli of a degree, measured perpendicularly to the meridian, dfr 
noted by /3i, is, Appendix No, IV^ equation (n), given by 
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and the length of & degi'ee of lon^tude, denoted by a, measured on a par- 
allel of latitude in the latitude I, is, App. No. IV., equation (o), given by 



(1!) 



§ 101, The close agi'eement between tiie results of these formulas and 
those of actual measurement, at various and numerous places on the earth, 
justifies in the fullest manaer the assumptioit iu regai'd to its ellipsoidal 

The equatorial circumference of the eai'fli is 24,899, say, for convenience 
of memoiy, 25,000 miles. The lengths of the degrees of latitude increase 
fivim the equator to the poles. In the latitude of 50° the lengtK is about 
70 statute miles, and contains nearly as many thousand feet as the year 
contains days (365), and each second is equivalent to about 100 feet. 

GEOCENTRIC PARiiLLAX, 

§ 102. The bodies of the solar system being comparatively near to the 
ea,rth, a change in a spectator's place on the earth's surface gives to them 
a sensible parallactic motion on the surface of the celestial sphere, and 
two observers at remote stations would not assign to these bodies the same 
places at the same time without first clearing their otserved co-ordinates 
of this source of discrepancy. The mode of correction is to refer all obser- 
vations to one common station, and this statioa is assumed, fov conve- 
nience, to be at the centre of the earth. 

§ 103. The place in which a body would appear, if viewed fi'om tbe 
centre of the earth, is called its ffeoeenhie Place. 

g 104. The apparent change of a body's place that ivonld arise from a 
change of tlie spectator's station from &q sra'face to the centre of the 
earth is called Geoeentrie Parallax. 

§ 105. Tbe ti'ansfer of station from the surface to the centre of the 
earth is sensibly in a vertical circle, and the geocentric parallax is there- 
fore in tbe same plane. 

§ 106. The co-ordinates of a body's plac^ as determined by observa- 
tion, corrected for geocentiic pai'allax, are the geocentric co-ordinates ol 
the body. 

§ 107. The point in which the radius of the eai-th produced through 
the spectator's place pierces the celestial sphere, is called the central zenith. 
The si'c of the celestial meridian from the central zenith to the oquinoc- 
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Pig. 40. 



tial, is called the eenlral latitude. Tie difference between the latitude 
and the centi'al latitude, is called the reduction of latitude. 

Thus BAB' A', being a meridian 
section of the terrestrial spheroid, and 
Z Q an arc of the celestial sphere in the 
same plane, M the spectator's place, Q 
the highest point of the equinoctial, 
MQ the direction of the plumb-hce, 
C M the radius of the earth ; then will 
Z' be the central zenith, Z' Q the cen- 
tral latitude, and ZMZ'=Z Q—Z'Q, 
the reduction of latitude. 

§ 108. Denote in future the central 
latitude by I, the polar radius by y, aud the latitude by I', then, Appe 
dix No. IV., equation (g), 

tan I ^y^ tan V {I 

that is, the tangent of the central latitude is equal to the tangent of the 
latitude info the square of the polar radius. 

Denote tlie radius of the earth drawn to the spectator's place by p, 
then, Appendix No. IV"., equation (r), 

P=--==L== ...;.. (19: 




f 1 + i-^.in'; 

r 

Thus, the latitude being found from observation (§ 90), the centrai. 
latitude becomes known from equation (18), and hence the radius of the 
earth drawn to the spectatoi's place, equation (ID). 

§ 109. Let AB'A'B be a meridian Pis*!- 

section of the earth's surface, A A' the 
equatorial diameter, M^ and M^ the 
places of two observers viewing the same 
body S. The observer at M^ woiild''%ee 
the body projected upon the celestial 
sphere fit S„ tiat at Ms would see it 
projected at St, and to an observer at 
the centre it would appear at iSj. The 
points 2| and Zj ai'e the central zeniths 
of the two observers ; Z, Si and Zj Ss 

are the central zenith distances of S, as viewed from M^ and M^ respec- 
tively. The first diniiuished by Sj S, and the second by S3 Ss, will give 
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Z| Sg and Z^ S3 tte eenti'al zenith dis- 
tanees as ttey would appear from the 
centre. But S, Si measures the angle 
SiS S,r=MiS G, and S, S, the angle 
8-,SSi = M^SC so Oii tl 1 

M^SCsni Jf.SC a th t 

for parallax. 

I 110. Theparallax fahtd} tl 
angle at the body ht d I Ij th 
eaith's radius drawn to th p tat 

When the body ab th h u 
or is in altitude, it all Uh pa II 
in tlie horizon, it i 11 1 th 
Maio 

g, = jlf, 5 r = J u; 11 X n it 1 1 it JI/", , 
Zi = MiSG=Y all It tud it M^ ; 

Pi = horizt tip 11 t If 
P^ = horiz nt 1 \ llax at ¥" 
r=OS =dtan fthbdy from tlie eai'th'i 
fy=MtG = dus ft! rtl ivM,-; 
t tl rtl t r ilf J ; 
:= central zenith distance at M, ; 
= central zenith distance at Jfj : 
/] ^^ Z,CA=; central latitude of ^| ; 
I3 = Za OA := central latitude of M^. 



' Ihtade 

i Ip alias 



When the body is 



= Z,S, 
= Z,S, 



Then, i 



\SC, 



But because e^ is always very small, we may ivrite 



n which w is the mimher of seconds in radius, and 3| is expressed i) 
ame unit ; which substituted above ^ves 
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when Zi liecomes 90°, the body is in tlie horizon, and z^ bcoomes P^, and 

F,^u.^ (£0) 

and tliis above gives 

z~P, smZ, (21) 

Whence the parallax in altitude is ejutl to the hoiizjntilpinllai into 
tlie sine of the central zenith distances 

§ 111. If tie observer be upon the equator, then ^lU p, bcoomo unity. 
Pi becomes the horizontal parallax on the equator, failed the equatorial 
horizontal parallax ; designating this Uttei hy P, weha^e, equation (20), 



and tliis iu equation (20) gii"es 

P,=P.pi (22) 

that is to say, the liorizontal parallax of a body at any place, is equal to 
the product of the equatorial hoiizontal parallax of the body by the ra- 
dius of the earth at the place. 

The value of P, in equation (21) gives 

e, = Pp,.smZ, . (23) 

§ 112. To find the eqiiatori^il horizontal paralla^f of auy body, we have 
in the tiianglos -M", S s.iiA 3f, S 



adilinff 

2i + s.--P(p,sm2, + p,sinZ,), 
but 

£, = 2, - 2, (7 5, , 

by addition 

Si + ^s ^ 2i + Za - (Zi CS + Z,0S) = Z,+Z^-{1, + I,), 
which substituting above, and dividing by tie coefficient of P, gives 

pi sm Z, + pj sitt A 

§ 113. If the body be so remote that the difference between the radii 
of the earth, as viewed from it, be insignificant, which is the case with all 
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bodies except the moon, p, and p^ may be regai'ded as eijual to c 
ofbei-; and each equal to unity, and we shall have, equation (24), 



P=- 



in wiiich I) and l^ arc the latitudes of the places M, and Ms respectiyely. 

§ 114, In all this the observei's have been supposed to be on the same 
meiidian ; but this is not necessary, nor would it, in general, be the case 
in practice. If on different meridians, mate 

S = change of meridian zenith distance of the body in the interyal 

between two consecutive culminations ; 
\ = difference of longitude of the two observers, expressed in time ; 
S' ^ obange in meridian zenilb distance while passing from the first 
to the second meridian ; 
then 



ait 



(26) 

If the meridian zenith distanci- be incieismg at the Biiterly stition S 
is to be added to, if decieismg, hubti icted fiom, the moiidi'vn zenith dis 
tance at ihat station This coiiectci nieudnn zenith di'itanoe will be 
thatwhicli the body would have to an obseiveron the meridian of the 
westerly station, and on the same pntillei of latitude with the ob-^rver 
on the easterly meiilian, the reduction being in effect to bung the ob 
servers to the same meiidnn 

§ 115, To recapitulate the lititulti of two stations are fii'st tound 
from observation ; the («Btrol lafitudea are tound fiom equation (Ifij , the 
radii of the earth at the two stations, fiom equation (19) , tlie eqmfoiial 
horizontal paiallax, fiom equ.ition (24) , tie hoiizontal parallax at any 
place, from equation (32) ; and the pai'allax in altitude, from equation (23). 

AUGMENTED AND HOSIZOWTAL DIAMETERS. 

§ 116. By tbe rotation of the earth upon its axis the spectator is con- 
tinnally chan^ng his distance from the heavenly bodies. A change of dis- 
tance ^ves rise to a change in the apparent dimensions of an object. A 
body seen in the horizon of a spectator would appear to him sensibly of 
the same size as if seen from the centre of the earth, the distances H C 
and MM, for the nearest of the lieavenly bodies, being sensibly the same. 
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The apparent sermrdiameter of a body 
ia the angle at the observer subtended by 
the body's real semi>diameter, the latter 
being perpendicular to a visual ray diiiwn 
to one of its e 




s = HMB = apparent semi-diameter of 

a body when in tlie horizon ; 
s' ^ L MB'^= apparent semi-diameter of 

the body when in altitude ; 
d= HB = LS— real semi-diameter of the body 
r = body's distance from the observer when in the horiz 

r'= body's distance from the spectator when in altitude ; 
Z— Z' ML = the body's apparent aenitii distance ; 
3 ^ ML C= the body's parallax in altitude. 
Then 

T.sms = d = r'sm^; 
whence 

sin s' T sill Z 1 



■xiZ- 



■MiZ 

^kTz' 



replac 



md E by its value in Eq. (23), also writing 



(27) 



jn which s' and s ai'e expressed in seconds of arc. 

§ 117. The apparent diameter 2 sofa body in the horiaon, is o^ijled the 
horkoiital diameter ; il3 apparent diameter 2 s' in altitude, is called the 
augmented diameter, 

DISTANCES AND DIMENSIONS OF THE HEAVENLY BODIES. 

§ 118. HaviDg found the horizontal parallax of a body, it is easy to find 
its distance fioni the earth's centre. From equation (20) we have 

'■'=t^-"p = r-y (2S) 

in which p and P are respectively the equatorial' radius of the earth and 
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the equatorial horizontal parallax of the body ; and fi'om which we eon- 
elude that the dialacc« of any body from the earlh's centre, is equal to the 
equatoiial radius of tite earth repeated aa many times as the mimber of 
seconds in the body's equatorial horizontal parallax ia contained in the 
number of seconds in radius. 

§ 119. The horizontal parallax of a body is the apparent serai-diameter 
of the earth aa seen ftom the body. The apparent semi-diameter of two 
bodies seen at the same distance are directly proportional to their real 
magnitudes. Make 

s ^= apparent semi-diameter of the body ; 

d = the real semi-diainet«c of the body in linear units, ns miles I 

P= the equatorial horizontal parallax of the body ; 

p ;= the equatorial radius of the earth ; 
then will 

P : s :: p : d; 
wlience 

■^-^P-J ■ {29) 

that is, the real semi-diameter of any heavenly body is equil to the equi- 
torial radius of the earth repeated aa many times is the body's eqinton d 
horizontal parallax is contained in its apparent semi diameter The ipp t 
rent diameter of a body is measured by means of the mioromef ei 

ECLIPTIC. 

§ 120. The orbit of the earth about the sun is sensibly a plait auve 
The intei^seotion of the plane of the earth's orbit with the celestial sjlieie 
is called the ecliptic. The ecliptio is a great circle of the telestiil sphere 
because its plane passes through flie earth's centre. 

,, § 121. The orbital motion of the earth about the sun gives rise to a 
parallactic motion of the sua about the earth, and the effect to a spectator 
on the earth is the same aa though the latter were ataUonary and the sun 
in motion about the eai'th. The sun appears to move along tlie ecliptic in 
the same direction that tlie earth's projection upon t^e celestial sphei'e, as 
seen from the sun, actually moves in that great circle. 

§ 122. The earth's axis being oblique to the plane of the ecliptic, fomis 
an angle with the radius vector of the earth. The axis of tlie eaith re- 
taining its direction sensibly unchanged, this angle ia variable. 

§ 123. Let S be the sun, E^E,^E,,^E,^,^ the earth's orbit, P S s. line 
thrpugh the sun's centre and parallel to the direction of the earth's axis, 
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^,^,1, tli9 projection of tliis line on the plane of the cehjt l Draw 
E,^ SH, pel pen liouUr to H JS ixxA B P S P MP -xoA 
^uu^.i r^"lkl to SP The lu^le PES «j]l Ih; the polai Ui^tinw; 
of ths aim -when the e<irth ■& -\\. E PES when at ^ P E S 
when at ^ and P ^ & when at E It will be leiait at E 
gi'eatest ^t E and 90° at E and E The pnhi distance at E la 

the supplement of that at E and e tiuntpd ficm the nearest or opposite 
poles, the polar distances at E and E aie ejuil 

§ 124. The deelinatioa hein^ the tomilempnt of the prlai diatance the 
Bim's declination will sometimes he north, sometimes south. Its north de- 
clination will he greatest when its noi'fh polar distance is leaat; its south 
declination greatest when its south polar distance is leaat, 

§ 125. Thus, by the orbital motion of the earth, the terrestrial equator 
is carried from one side of the sun to the opposite, and the sun itself made 
apparently to pass alternately from north to soutli and from south to north 
of the equinoctial. 

§ 126. The radius vector would, by the orbital motion alone, trace upon 
the surface of the earth an ellipse of which the plane would coincide with 
that of the ecliptic.; by the diurnal motion alone, it would trace a parallel 
of latitude ; and by both motions combined, it actually describes a kind of 
spiml curve extending on either side of the equator and intei'secting all the 
parallels between those whose latitudes are equal to the sun's greatest 
north and south declinations. To spectators situated somewhere ou these 
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parallels, the sun will be vertical, or in the zenith, twice in tlie course of 
one revolution of the earth about the sun. 

I 127, Two small circles of the celestial sphere parallel to the equinoc- 
tial and at a distance therefrom eijiial to the sun's greatest north and south 
declination am called ti'opics ; that on the north is called the tropic of 
Cancer, and that on the south the tropic of Capricorn. 

I 128. A plane through the eaith's centre, and perpendicular to the 
radius vector, divides the earthS sniface into two equal parts. That on 
the side towards the sun is iHummated, while that on the opposite side is 
in the dark. To an observer on the formu it is day ; to one on the latter 
it is night. The curve which aepjrates the enhghtened portion fi'om the 
dark is called the circle of iUtMrnnation 

I 129. When the earth is in eithei of the positions S^, or £,„„ its 
axis is in the plane of the ciitle of illumination ; this latter divides all par- 
allels equally, and the lengths ot the laj? aie etjual to those of the nights 
all over the earth's surface. 

When the earth is in either of the positions .ff, or £!,,„ its asis makes 
ihe greatest angle possible with the plane of the circle of illumination ; the 
latter divides the parallels most unequally, and the length of the days will 
differ from those of the nights the moat possible. 

§ 130. To all places north of the parallel whose latitude is equal to the 
north polar distance of the sun, the sun will, Eq. (7), be circiimjxilar, 
while to all places having an equal south latitude the sun will not, Eq. (7), 
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rise. Ill like manner, to all places south of the parallel whose latitude is 
equal to the south polar distance of the sun, the sun will be cii'cumpolar ; 
while to all places of equal aorth latitude, the sua will not rise. 

§ 131. During the time the earth b moving fi'om. E„ to E,,,,, the sun 
vrill shine upon the south pole, and the nortli pole will be deprived of his 
direct light. While moving fi-om E,„, to E,^ the I'everse will Iw tnio. 
The zones of polar illuraiuation and obscuration will increase iiom Ej, 
to E,^, and from E,^,, to E„ and diminish from E, to E„ and from B,„ 
to S,,^,. The radii of the greatest zones of polar illumination and obscu- 
ration for one diurnal revolution are P,l/ and P„,I^,„ which are equal to 
one another, being the gi'eatest departure of the pole from the circle of il- 
lumination on opposite sides. 

I 132. Draw -£'_.§, and .£>,_,§,„ respectively peipendioular to P,E, 
saA P„,E,„\ then will §' Q^ and §"'§,,, represent tlie equator, §,.0^ 
and §///-0,^, the gi-eatest north and south declinations of sun respectively, 
and P, I, and P,^, I^^^ the greatest depai'tm-e of the pole from the circle of 
illumination. Now 

I,D^^PJi,^m''^I,„D,„ = P,„Q,„, 
P,D=P,I>,, P,„Z',„ = P„,i>,„; 

and by subtraction 

F, I, = B, q^, p,^, i,„ = c„, A» ; 

that is, the radius of the aone of greatest polar jUumicaiiuu, or obscuration, 



§ ISO. Two small circles parallel to the equinoctial, .nnd at a distance 
from the poles equal to the gieatest declination of the sun, aie called ^oZar 
circles ; that about the noith pole is called the arctic, and that about the 
south tbe antarctic drele. The polar circles are the boundaries of the 
greatest zones of polai' diurnal illumination and obscuration. 

§ IS4. "When the intervals of time between throe consecutive passages 
of a circnmpolai- star over the line of collimation of a ti'ansit or muml cii'- 
cle are equal, these instruments are adjusted to the meiidian. 

§ 135. The diurnal motion brings the meridian of a place, in the course 
of one revolution of the earth on its asis, into coincidi3nce witli the deeli- 
nation circle of eveiy body in the heavens. The diffejence of times between 
the meridism's pasang the centimes of any two bodies, is the diJierenee of 
right asceasion of these bodies. 

§ 136. To find the time of the meridian's passing tlje ecnti'e of any 
body, find by the transit instmment and timepiece the time of the merid- 
ian's passing the body's east and west limb, and take half tlio sum. 
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§ IS'?. To find tlie polar diataace of a body's centre, take tlie reading of 
tlie muval circle wheu ils line of collimatiou is upon the upper or lower 
limb; subtract from tJiia the polar randing stjid correct tlie difference for 
fufraction, parallax in altitude, and semi-diameter. The declination is ob- 
tained by subtracting tbe polar distance from 90°. 

I 138. The pointB in whicli the equinoctial intersects the ecliptic ai'e 
called the equinoxes ; that by which the sun passes from the south to the 
north of the equinoctial is called the vei-nal equinox ; the other, or that by 
which the sun passes from the north to the south of the equinoctial, is called 
the autumnal equinox. 

§ 139. Tlie angle wMch the equinoctial makes with the ecliptic is called 
the obliquity of the ecliptic. 

% 140. To find the place of the vernal equi- i''?- «■ 

nox and the obliquity of the ecliptic, let P"i>g 
be an arc of the equinoctial, VSj of the eclip- 
tic, V the vernal equinox, iS, and S^ two 
places of the sun ivhen on the meiidian at 
difi'e^nt times, Sji?,, S^D^ arcs of declina- 
tion circles ; and mate 

i5i = i). Si, the Eun's declination at any meridian passage ; 
5e = Di Si, the same at some subsequent passage ; 
2a ^ VDs — F7J|, the corresponding difference of right a 
SB ^= VI>i, tlie right ascension of the sun at the time of first merifian 

passage ; 
w — S, VJ),, the obliquity of the ecliptic. 



Then in the tiiangles S, VD^ and Sj VD^, liglit-angled at B, and D^, 


sin X = tan S, . cot u, 




sin {x + 2a) = tan -Jg . cot u ; 




and by division 




sin {x + 2a) tan S, 


. . . (30) 


sin X tan J| ■ 




adding unity and clearing the fraction, then subtracting u 


nity and clear 


ing, and dividing one result by the other, we find * 




sin (« + 2a) + sin x fan J^ -f tan S, 




sin {x + 2a) — sin x tan S, — tan S, ' 




tan{x + a) sin {S, -1-5,) 




tan a sin (ft, - S,)' 
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-(-»)=£|^-""--- 


■ (") 


cot OJ = sin cc , cot t), . . . . , 


■ ■ P2) 



The value of the obliquity is thus found to be nearly 23° 27' 54", which 
is therefore the greatest north and aouth declinatioa of the sun. The tropica 
are, therefore, 23° 21' 54" from the equinoctial, and the polar circles are 
at the same distance from the poles. 

§ 141. The interval of time between the sun and a star orosang the 
meridian, applied to the right ascension of tlie sun, gives the right aseen- 
bion of the stai-. The deehnation of a star la found lie thit of the sun, 
except that there is no correction for parallax and semi diameter, the only 
correction being for refraction. 

§ 142, The right ascension and declination of one star being known, 
the differences of observed right ascensions and declinations, the latter being 
connected for differences of refractions, give, when apphed lo the right as- 
cension and declination of the known star, the ngbt ascension and decli- 
nation of other stars. Thus a list of the stars, together with their right 
ascensions and declinations, and arranged in the order of their right ascen- 
sions, furnishes the ground-work of what is called a catalogue of stai's, of 
which a fuller account will he ^ven presentiy. 

I 143. A belt of the heavens extending on either side of the echptic, 
far enough to embrace the paths of the planets, is called the zodiac. 

§ 144. The ecliptic is divided into twelve equal parts, called dgna. 
They commence at the venial equinos, and are named in order, proceed- 
ing towards the east, Aries (t), Taurus (8), Gemini (n), Cancer (s), 
Zeo (il), Virgo (M), Libra (^), Scorpio (^t), Saffittarius ( * ), Oaprieor- 
nus {\S), Aguaritis (re), and Pisces (X). Motion in the order of the 
signs is said to be direct ; the converse, retrograde. 

§ 145. The points of the ediptit m whinh the aun reaches his greatest 
noiih and south declination aie calLI the /.olstUial /amis that on the 
north is called the summer sohltce ini that on the soiith the winter sol- 
slice. The sun when in these po nts nppeira to be stitiona y ts regards his 
apparent motion in dechmtion The solstitial eolure is (he declination 
circle tirough the solstitial pomts The (qu-inocttal cobirp is the deehna- 
tion circle through the equinoctial points The soKtitiil olure separates 
Gtemini from Cancer, and Sagittarius from CaprnA)rrus the equinoctial 
eolure separates Aries from Pisces, and Vugo from Libia. 

§ 146. A great circle of the celestial sphere piBsing through the poles 
of the ecliptic is called a circle of latitude. 
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§ 147. The latitude of a body is the distance of the body's centre from 
lie edipdc, measured on a circle of latitude. 

§ 148. The longitude of a body is the distance from the vernal equinox 
to the circle of latitude through the body's centre, measured on the eclip- 
tic in tlie order of the signs. 

The longitude and latitude are co-ordinates that refer a body's place to 
the circle of latitude through the vernal equinox and to the ecliptic ; the 
longitude and ecliptic polar distance are polar co-ordinates that refer a 
body's place to the same circle of latitude and to the pole of the ecliptic- 

§ 149. The longitude of the sun, as seen from the earth, is readily ob- 
tained from the obUquity of the ecliptic and either the right ascension or 
declination. 

For this purpose make ^'s- ** !>!»■ 

a. ^ VS,, tbe longitude of the sun ; 

5 = SiZ*,, his declination; 

a = Fi>i, his right ascension ; 

<•> = Sy VDi, the obliquity of the ecliptic. 



(33) 



(34) 



§ 150. The place of the sun as seen from the earth, and that of the 
earth as seen from the siin, are at the opposite extremities of the same di- 
ameter cf the ecliptic; and the longitude of the sun, increased by 180°, 
will be the longitude of the earth as viewed from the sun, the centre of the 
earth's orbital motion. 

§ 151. The sun appears in the vernal equinox on the 20th March, in 
the autumnal equinox on the 22d September, the summei- solstice on the 
2Ist June, and in fie winter solstice on the 21st December. 

The poles of the ecliptic are at a distance from the nearest poles of tlie 
equinoctial, equal to the obliquity of the ecliptic. 

§ 152. The right ascension is obtained from observation by means of 
the clock and transit instrument, the deciiniilion by means of the mural 
ciicle. From these and the obliquity of the ecliptic, the longitude and 
latitude are obtainnd from computation. Thus, let S be the body's place, 
V the vernal equinox, VI> the body's right ascension, I> 3 its declina- 
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tion, VI> its longitude, SL iis latitude, and the ^'=- **■ 

angle X VJ) ihs obliquity of the ecliptic. 
Make 

a = VD = right ascension ; "^-^ V 

S = D S ^ declination ; 

I = VIi = longitude ; 

X = i S = latitude ; 

a ^ £ VJ) == obliquity of the ecliptic ; 

s =; S K = arc of great drcle tiiroiigii tbe 
body and vernal equinox ; 

ip = >? VJ) = inclination of iS F to tbe equinoctial 

Then in the triangle S VD, riglit-angled at I), 

tan 9 = -^!^ (35) 

cos £ := COS a. . cos 5 (36) 

and in the triangle VLS, right-;mgled at L, 

, tan i= tans .cos (ip—u) (3l) 

sin X ^ sins, sin (9- u) (38) 

§ 163. If the longitude, latitude, and obliquity be given, then in tha 
triangle FX^ 

/ ^ tan X , , 

tan (9 - w) ^ -^j^ (39) 

cos s = cos J . cos X (40) 

and in the tiiangle VD S, - 

tan a = tan s . COS ip (41) 

sin 5 = ^n s . FiD p (42) 

PRECESSION AND NUTATION. 

§ 154:. The longitudes and latitudes of the stars, being thus determined 
at different epochs, show a slow increase in all the longitudes, while the 
latitudes remaiu sensibly the same. 

§ 165. This is owing to a slow gyratoiy motion of the hue of Uie ter- 
restrial poles in a reti'ograde direction, caused by the rotary motion of 
the earth and the combined actioa of the sun, moon, and planets upon 
the ring of equatorial matter that projects beyond the sphere of which the 
polar axis is the diameter. It is the I'esultant of two component motions. 
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g 156. By the first of these components alone, called wilaHon, the 
line of the poles would describe once ia every 19 yeain an acute conicai 
Bui-fece, of ivhieli the vertex is at the centi'c of the eai'th, and the intei-sec- 
tions with the celestial spliei'e are two equal elUpses, ivhose ti-ansvevse and 
conjugate ases are respectively 13". 5 and 13".'ti, the former heing al- 
waj^ directed towards the poles of the ecliptic 

§ 157. By the second, called the mean precession, the centres of these 
ellipaea are oarried uniformly around the' poles of the ecliptic from east to 
west in equal circles, of which the radii are about 23° 28', and at a rate 
of 50".3 in the interval of time between two consecutive retuma of the 
aun to the mean vernal equinox. This interval is called a tmpical 
year. The mean equinoxes perfoLm, therefore, one entire revolution in 
860° -^ 60".2 = 25817 tiopiad years. 

In the figure, S is the sun, £! the earth, P^ the north pole of the ecliptic, 
P' the true and P the niean north pole of the equinoctial. The curve 
about S represents the earth's orbit, that rig. 46. 

about E, and of which the plane is perpen- 
dicular to £! P\ shows the direction of tke 
earth's asial motion ; £ F is the intersection 
of the plane of this circle with that of the 
ecliptic, and Fis tlie vernal equinox. The 
circle about P, has a radius of about 23° 28', 
the curve about P is the elliptical path, de- 
sciibed by the true ^wle P' about the mean 
P, and of which the longer axis P'P" passes 
through P,. Tlie arc VL of the ecliptic, 
tKe circle about P,, and ellipses about P are 
all on the surface of the celestial sphere, while S, E, and the c 
them, are at its cenfi'e. 

§ 158. By the component motions of mean precession and of nutation 
combined, the true equinoctial pole is earned with a variable motion along 
a gently waving curve whose undulations extend to 
equal distances on eithei' side of the circumference 
of mean precession, and which it in(^rsects at points 
separated by angular distances, as seen from fie 
centre of the celestial sphere, equal fo 19 X 50".3 , 
xsin 23° 28'^ 2 ± 1S",74 ^ S' 10"± 13",74. 

§ 169. The motions due to the action of the sun 
and moon are opposed to those arising from the ac- 
tion of the planets, and when estimated along the 




s about 
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ecliptic are called luni-solar p-ecession in longiiude. The combined effect 
arising fiom the simultaneoua action of all the bodies, estimated in the 
same direction, is called the general precession in longitude. 

% 160, The equinoxes always cocforming to the places of the equinoc- 
tial poles, have a slow, iiTegular, but t flu t 1 n ti n 

The place of the vernal equinox w th t nut t n 1! d tli a 

equinox ; with natation, the true or app qu 

The inclination of the equinoctial t th 1 pt tli t n t n 
cjiUed the mram oft/f'yMJiy; with uut th t an t hJ q tj 

The difFevcnoe between the mean and ppii nt bl q ty 11 d th 

iation of ohUquiiy. 

§ 161. The apparent equinOK 1 n h d a f n th 

mean to a distance equal lo ]S".74h-2 -sin 23° 28',= 17", 25, which it 
reachea when the mean and apparent obliquity are equal ; and the 
apparent obliquity varies on eitlier side of the mean fi-om zero to lialf 
of 18".5 or 9". 25 ; the latter being reached when the apparent equinox 
coiuoidea with the mean, 

§ 162. The motion of the mean equiaox along the ecliptic is deter- 
mined by that of the centime of the little ellipse above referred to, and is 
therefore at the mte of 50".2 a year, being the quotient which resulls from 
dividing 360° by the period required for the ti'ue pole to perform one 
entire circuit around the pole of tlie ecliptic 

§ 163. The distance f(om the mean to the apparent equinox is callca 
the equation of the equinoxes in longitude. 

§ 164. The intersection of a declination circle through tW mean equi- 
nox with the equinoctial, is called the reduced place of the mean equinox. 

§ 165. The distance 'from the reduced place of the mean equinox to 
the appaient equinox, is called the equation of the equinoxes in right as- 

g 166. The changes which take place in these equations, as also in tbe 
apparent obliquity of the ecliptic, are called periodical variations, from the 
circumstance of their running through all their possible values in a com- 
paratively short period. 

Fonnnlafl for computing the equations of tlie equinoxes in longitude 
and right aacenaon will be given in another place. 

§ 167. Besides the motion of the equinoctial, due to the action of t.lw 
heavenly bodies on the protuberant ring of matter about the teiTestiial 
equator, .there is another effect due to the deflecting action of the planets. 
By this tbe earth is turned aside from the path it would describe, if subjects 
ed to the action of the sun alone, and the place of tbe ecliptic, Lherefoie, 
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changed. The amount of this change is exceedingly smaL, being only 
about 4G" iu a century. Its pvesent effect is to diminish the mean obli- 
quilj, and this will continue to be the case for a long period of ages, wEea 
the chaJi^ will be in the opposite direction, the motion being one of oscil- 
lation to tlie extent of 1° 21' altout a mean position. The cliange in the 
value of the mean obliquity ai'ising from the cause here referred to, is 
called the secular variation of the obliquity, because of the great period 
of time required to pass through all its values. 

SIDEREAL TIME. 

§ 168. It has been explained (p. 237) how the motion of the poin1«ia or 
hands of clocks and watches over stationary drculai' scales of equal parts 
upon their dial-plates, is employed to measure the lapse of time. The uai- 
foim motion of the meridian, carrying with it an ima^nary movable circu- 
lar scale of equal parts, coincident with the equinoctial, gives ttie means 
of regulating these and all other artificial time-keepera. 

§ 169. The origin or zero of the equinoctial scale is on the upper me- 
ridian; its unit of measure is one hour, equal to 15°; its pointer or hand 
the declination circle through the centre of some heavenly body, and time 
measured upon it takes the name of the body which regulates the pointer. 

§ lYO. The distance of the pointer from the origin or upper meridian, 
estimated westwardly, is the hour angle of the body which ^ves the scale 
its name, and measures the time since its meridian passage. 

§ 171. Time measured by the hour angle of the mean equinox ia 
called m&an mdereal time ; and the interval of time between two consecu- 
tive passages of the meridian over the mean equinox, is called a sidereal day. 

§ 172. Time measured by the hour angle of the apparent equinox is 
called apparent sidereal time ; and the interval of time between two con- 
secutive passages of th m 'd' er the apparent equinox, is called an 
a^arent sidereal d y 

§178. Apparent d .alt that usually employed by astionomeiu 

It is affected by tb ] t n f th equinoxes in right ascension, of which 
the value in time be g afpl d t the apparent sidereal time, with its 
proper sign, gives fh m d I time. This difference between appt.- 

reat and mean sidereal time is called also the equation of sidm-eal time, 

§ 174. Apparent sidereal d^^ are slightly unequal; but the fluctua- 
tioia of a clock marking appai'ent fiom one noting mean sidereal time 
would be only about 2'.3 in nineteen years. 

g 176. A timepiece whose hour-hand passes uniformly over the circular 
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Boale of 24 liours on the dial-plate, in a sidereal day, is said to run with 
Mdereal time ; it will mark mean sidereal time when its Iiands indicate at 
any and every instant the hour angle of the mean vernal equinox. 

§ 176. The sidereal time of the meridian's pasang the centre of any 
body ii tte true right ascension of the' body ; aud the rate of the time- 
piece on sidereal time, its error at any epoch, and the indication of tiie 
hands on its dial-plate at the instant the meridian passes the centre of any 
body, are tlie data which make known the body's right ascension. 

§ 117. The sidereal dliy is shorter than the time required for the eartii 
to turn ouce about its axis by about y^ of a sidereal second. 

THE EARTH'S OEEIT. 

§ 178. The oi'bit of the earth is an ellipse, of which the sun occupies 
one of the foci. 

I 179. The extremities of the transverse axis of the orbit are called 
the Apsides ; that most remote from the sun is called the higher and that 
nearest to the sun the lower apsis. The lower apsis is also called the pe- 
rihelion and the higher apsis the aphelion. The trimsverse asis produced 
both ways is called the line of the apsides. 

§ 180, The place of the sun or other heavenly body which has the 
greatest distance from the earth is called the apogee, and that which has 
the least distance is called the perigee. When, therefore, the earth is in 
aphelion, the sun is in apogee; and wlien the earth ia in perihelion, the 
sun is in perigee. 

§ 181. The quotient obtained from dividing the circumference of a 
circle, of which the radius is unity, by the interval of time between two 
consecutive returns of a body to the same origin, is called the body's mean 
motion from tliat origin. 

Thus, let T be the interval, and m the mean motion ; then will 



(48) 



§ 182. The origin may be movable or fixed ; when in motion, the mo- 
tion may be direct or retrograde. 

§ 183. Denote by r the radius vector of the eartli, by ,; the area wtich 
this line describes in a unit of time, and by n the true motion, then will. 
Analytical Mechanics, equation (266), 

'.= '4 M 
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§ 184. The interval of time between two consecutive letums of tte sun 
to tlie vernal equinox is called a tropical year. 

If T denote the length of tha ti-opical year, tlien will tfie value of m, in 
equation (43), be tlie earth's mean motion in longitude, or the sun's mean 
apparent motion in longitude. 

g I8B. The arc of the ecliptic fi'om the vernal equinox to the place tie 
sun would appear to occupy, had his motion been uniform and equal to 
the mean, is called the sun's mean longitude. 

§ 18Q. The interval of time between two consecutive returns of the 
earth to the perihelion or aphelion is called an anomalislic year, 

g 187, The mean motion of the earth from perihelion is the value of 
tffi, in equation (43), the value of T therein being the anomalistic year. 

I 188. The angle ESP, which the radius vector of the earth makes at 
any lime with the line of the apsides, reetoned from perihelion, is called 
the trite anomaly, 

§ 189. The angle which the radius vector of the earth at anytime 
would make witi the same line, and estimated from the i^me point, had 
the earth moved from peiihelion with its mean motion, and retained this 
motion unaltered, is called the mean anomalr/. 

I 190, The relation which connects the mean wiOi the true anomaly 
is, Appendix No. V., equation (y), 

« = r - 2 e sin F + f e" sin 2 r - &c. . . . (45) 
iu which n, is the laean anomaly, V the true anomaly, and e the eccen- 
tricity. 

g 191. The difference between the mean and the true anomaly is called 
tile equation of the centre. Denoting the equation of the centre by E, we 
have, equation (45), 

E ^ n -V ^ - 1e mnV ^ li- 

% 102. Let S„ S, S^ S„ represent fhe 
ecliptic ; S„ S^ the line of tlie equinoies ; 
S, S„ the line of the solstices ; *S'„ the 
vernal equinox ; ^thesun; PEAE^P 
the earth's orbit ; P the peiihelion ; A 
the aphelion. 

When the eai-th is at E, the sun will 
.ippear at tlie vernal equinox 5, ; when 
at E„ the sua will appear at the : 
solstice S, ; and when at JS[„ the i 
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appear at tie autumnal equinox S^ ; and wlien at i'„) the sun will appear 
at the winter solstice S„. 

§ 193. Let ^, be the place of the earth, .E^ its mean place; then will 
S, E\, estimated in the order of the signs, that is, in the direction indi- 
cated in the figure, be the earth's longitude as seen fi'om the sun ; j5„ .ff'„, 
estimated in the same direction, its mean longitude ; S^ F' the longitude 
of the perihelion ; P'E', the true anomaly ; F'S!^ its mean anomaly, and 
E'l 3 E'„ tha equation of the centre. 

§ 194. It is otviouB that the equalioB of t5ie centre is equal to the dif- 
ference between the meaa and tj'ue longitudes from the same equinox. 

§ 195. The earth's orbit is known when its semi-transverse axis, its ee- 
ceaU-iciiy, and the longitude of its penkelion are ItnowQ, its plane being 
that of the ecliptic. These are called ike elements of figure. The periodic 
time, the mean motion, and the mean longitude at some particular epoch, 
are tte additional data from \vhicli result by computatioa the earth's true 
motion and actual place at any other epoch before or after. These are 
called the elements of place and motion. 

§ 196. Make 

Z = mean longitude of the earti at the given epoch ; 

( = an interval of time before or after ; 
m = mean motion ; 

a = true longitude ; 
Oj, ^ lon^tude of the perihelion : 

then, Appendix Fo. V., equation (i), 

L + m t = a - 2e sin {cL- a^) + ^e' i^in 2 (a - a^) - &c. (4-7) 

The sun will have the greatest apparent diameter when the earth is ia 

perihelion, and least ivhen in ajjhelion ; denote these diameters by 5^ and 

S' respectively, and the corresponding radii vectors by r, and r' ; then 

fi'om the principles of optics, 

r^ : r' i : 5' : 5„ 
r'—r, -r'+r, :: &- S' -.8,+ 6', 



Actual ineasuiements give about 

5^ = .3 2 ',5 
-^'^Sl'.S 
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whence 



= 0.010 aearly 

i to justify the 



from which it appears that e is so small as to justify the omission from 
equation (47) of those terms in which its powei's higher tliau tie tirst 
euter, and we may write 

i + «.l = »-2,™(«-.,) (48) 

§ 197. iFrom four observed right asuensions of tlie sun, compute, by 
equation (33), his corresponding true longitudes; each longitude increased 
by 180° will g^ve the corresponding true longitude of the earth ; denote 
these by k,, a,, hj, and a,, and the intervals of time fi'oni the epoch of the 
mean longitude L, say noon, January 1st, to the t 
t„ ii, ij, and t^ respectively, then will, ec[uation (46 

i+mii = a,-2esin(a,-a, 

i + m (s - oj - 2 e sin («s - a 

£ + m i, = nj — 2 « sin (aj — a, 

four equations, from which the mean longitude L at the epoch, the mean 
motion ni, the eccentiicity e, and lon^tude of the perihelion Op, may be 
found. For this purpose subtract tlie fiist flora the second, 

m (4 - (,) = «5 - "1 - 2 « [sia (a, - «,) - sm (b, - «,)] ; 
making 






(»). 



■ 'a — 


, = d, «, 


— a^ = o 


aud reducing by the 


relation 




"(".-".) = »»( 


,-S + « 


)=,iE(. 


we find 






».S = .+ 2.[, 


a (cc, - a. 


)(l-eo 


subtracting the first of equation 


s (49) fr 




Hj — tl, = 


6\ t, — 


vednoing in tlin same way, and 
we find, including the equation 


i-epiiicbg 
above, 


:i:3c: 


[2.i.(., 

p.i.,(., 

[2.in(. 


- «,) >i 

- »,) .ii 
-.,)si 



.)- CO. (.,-.,)»..] (50) 
1 the third and fourth, making 



1 — cos a by its equal, 2 si 



J. -e 


.(«,-«,) 


'" ' 


s"' —" 


33 (a — Kj,) 


m a' ], 
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Dividing the first of these bj the second aoA third successively, maiiiig 



"I 



I 



= ^ 



• J 

and dividing both numerator and denominator of the' second members by 
COB (a, — a,), ive have 



(53) 



2 tan 


(« 


-a^ 


.s 


»=!« 


- 


sina 


2 tan 
2tau 


(s 


--.) 


si 




_ 


in a" 
ilia 


2 tan 


«, 


-«p 


sin 


'-k-' 


- 


sin a" 



from whieh 
2 tan («, 



i\^siiiH<>"-6iB4« ^■'"' 

in which the only unknown quantity is m, ; this entering, equations (5 1 ), 
the values of M and N. 

To find the value of m, clear the fractions, transpose to the first mem- 
ber, and mate 

or reducing for the sake of logarithmic computation by the relation 
sin a = 2 sin ^ a . cos ^ a, 
n= 2sinl|« sin^«'.sini(«'-«), ) 
k= 2 sin J «'. sin ^ a", sin ^ {«"-«'), J . . (54) 
;=_2sinja sinia".sinH«"-«):' 
we have 

Mn + Ifi + k.M.J^=0. 

Replacing M and ^ by their values given in equations (51), 1 



ifind 



whence 

(m«-a)[(»J" 
But m,6 — a cannot hi 



i6- + kS)m.-{na" + ia' ■^ka)~\ = 0. 
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Placing, thai'efoi'e, the second factoi' oquiil to zero, we find 






(56) 



From ec[uations (54) we have 



in J.". 


»*(«"-«) 




■ini(«'-«)' 
in i (."-.■) 



(6B) 



»- .mS..,mJ(<.'-.)' 

Now ffl, a', and a" are the increments of the ti'ue longiiude since the 

firat observation; these in equations (56) give the fractions — and — ; 

these in equation (55) give the value of m; this in equations (51) and 
(52) give the value of tan {a.^ — a^) and therefore of a^ ; this, iu equation 
(50), gives tie value of e, and this, together with m and a^, in firet of 
equations (49), g^vea the value of A 

I 198. The mean motion, in longitude, the eccentrioity and lon^tude 
of the perihalion being determined at dates remote from one another, are 
found to te very slightly vaiiable. The present value of the eccentiicity 
ie 0.01678356, fie semi-transverse axis of the earth's orhit, or tie earth's 
mean distance from the aun being unity ; that of the mean motion in lon- 
gitude in one sidereal day is O'',082956O3 ; the Ibngitnde of the perigee 
at the be^nning of the present century was 279° 30' 05",0, and the 
mean longitude of the sun at the same time was 280° 89' 10".2. 

The longitude of the perihelion is found to increase at a mean rate of 
6I".9, in a tropical year, and deducting 50".2 for tie retrocession of the 
mean equinos, ^ves to the perihelion a direct motion of 1I".7 through 
space in the same time. 

§ 199, Denoting by y,_ the length of tie tropical year in sidereal days, 






Vi. = - 



300° 



6.242 daj-s . 



(57) 



MEAN SOLAR TIME 

§ 200. Although the mode of reckoning time by the motion of the vei 
nal equinox affords great facilities in practical astronomy, it is of little o 
no use in the ordinary operations of common life. Business and social ir 
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teTcourse are mostly regulated by the alternations of daylight and darkness, 
and the sua is the natural ohject of reference in all divisions of time for so- 
ciety in general. 

§ 201. Time measured hy the hour angle of the sun is ap2>arent solar 

§ 202. The epoch of the sun's being on the meridian of a place, is 
called appareni noon of that place. 

% 203. The interval of time between two consecutive passages of the 
sun's centre over the upper or lower meridian of the same place, is called 
an apparent solar day. 

The apparent solar is longer than the sidereal day, in. consequence of 
the earth's real, and therefore of the sun's appai^ent, motion in the ecliptic 
in an e^terly dii'ection. 11^ for instance, the vernal equinox and the sua 
were to pass the meridian of a place at the same instant to-day, the sun 
would be to the east of the equinos on the morrow, and would cross the 
same meridian after it. 

§ 204. The orbital motion of the earth and, therefore, the apparent mo- 
tion of the sun in the ecliptic is, Eq. (a). Appendix V, variable. The 
unequal arcs which measure the daily increments of the sun's longitude . 
vaiy their inclination to tlie equinoctial fi-om about 23° 28' at the equi- 
noxes, to zero at tho solstices ; and these unequal arcs may hence be pro- 
jected hy declination circles into still more unequal area of right ascension. 
These latter measure the excess of the different apparent solar over the si- 
dereal days; and hence tlie variable orbital motion of the earth, and the in- 
clination of the plane of its orbit to the equinoctial, conspire to make the 
lengths of the apparent solar days unequid. 

§ 205. Timepiece cannot be made to imitate this inequality, not- is it 
desirable they should do so, were it possible. 

Had tlie earth's orbit been circular and in the plane of the ec^uinoctiai, 
Its orbital motion would have been uniform, the sun's apparent daily in- 
crease of right ascension constant, and the apparent solar days of eqiial 
duration. 

§ 208, These conditions are fulfilled by the device of an imaginary sun 
conceived to move uniformly in the equinoctial with the true sun's mean 
motion in longitude, and to set ont fi.-om the reduced place of the mean 
vernal equinox when the We sun leaves tlie true vernal equinox. 

This jma^nary body is called the mean sun. 

§ 207. Time measured by the hour angle of the mean sun is called 
■mean solair time. The epoch of the mean sun being on the meridian of a 
place, is called mean noon of that place. 



-dbyGoogle 



is 



SPHEiaCAL ASTRONOMY. 




§ 208. The difference betiveen tlie apparent and mean solar time is 
called the egvati<m of time. If to the meiin time the equation of time be 
applied with its proper sign, the appai ent time will result ; if tlie equation 
of time be applied with its pvopei- sign 
to the apparent time, the mean time 
will result 

The equatioa of time ia employed to 
pass fi'om iQean. to appaient, or froHi 
apparent to mean time. 

§ 209. Thus, let PM he an arc of 
the meridian, VM of the equinoctial, 
VH of the ecliptic ; F the pole of the 
equinoctial; F the trae, F„ tlie 
and V, the reduced place of the 

equinox; S the true and S,a 'he mean sun ; then will MPS he aji 
aud MP S„ mean solar time ; VS„ the right a?oeii3ion of the real si 
VVr the equatioa of the equinoxes in right ascension. 
Make 

e ^ S^S,^^ the equaiiou of time ; 
« = F5, = the right ascension of true sun; 
1= V^S^ = the mean longitude of the sun ; 
q ^: W^ ±^ the equation of the equinoxes ii 
then from the figure, we have 

. = <■-(! + ,). . . 

that is, the equation of time is equal to the sun's true right a 

i liy the sun's mean longitude, coiTeeted for the equation of the 
a right ascension. 

§ 210. When the sun's true right ascetaion exceeds the corrected mean 
longitude, the equation of time must be added to apparent time to obtain 
mean time, and vice versa. The equation of time is zero four times a year, 
viz., on IBth April, Hth June, SIst August, and 24th December. 

§ 211. The mean sun and mean equinox when together must pass some 
meridian at the same instant. When the same meridian returns, to the 
mean equinox on the folloiving day, the mean sun will be to the east by a 
distance equal to that which measures its motion iu one sidereal day; and 
the jnean solar day will exceed the sidereal day by the interval of sidereal 
time required for the meridian to overtake the mean sun after it pajises the 



(58) 



Denote this excess by t, e 



n days ; and the motion of tlie n 
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BUn in one sidereal day, equal to the earth's mean oibital motion in tlie 
same time, by m. Then will m ( be the motion of the mean sun in Ihe 
time t, and its right ascension from the mean equinox at the instant the 
meridian overtates it will be m + m i. But this is the hour angle of the 
mean equinox, or ihe sidereal time (, reduced t<t degrees ; whoace 



and for the length of the racan solar day, expressed in sidereal time, 

or replacing m by its value O°.982950O3, § 198, and denoting the lengtli 
of the mean solar day by i)„, espreased in terms of the sidereal day D,, as 
unity, we have 

A, = 1.002T379I i), (59} 



-0™ 



= 0.99720957 -D„. 



"Whence to convert intervals of mean solar into intervals of sidereal, or in- 
tervals of sidereal into intervals of mean solar time, we have these rules, 

Siderealinterval = 1.00273791 X Solar interval, 
Solar iniei-val = 0.99726957 x Sidei-eal interval. 
§ 212. Applying this second rule to the length of the tropical year ex- 
pressed in sidereal days, we have, Eq. (59), 

Solar interval = 0.99726957 X 366.242 = 365.2422414 ; 

or reducing the fraction to houK, minutes, and seconds, and denoting the 
length of the tropical year, expressed in mean solar time, by j'a, , wo have 

?/„ = 365'' 5'' 48"48' (60) 

§ 213. Denote by i/^ the length of the anomalistic year exj)ressed in 
mean solar time; then, || 157 and 198, 

360= — 50".2 : 360" + Il",7 : : 365'' 6* 48"' 48' : */„„; 
whence 

^^ = 365"' 6" IS^.S (61) 

§ 214. 'J.lio interval of time required for the earth, to perform one entire 
circuit about the sun in space is called a sidereal year. 
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Denote liy y^^ tlie length of the sidereal year in lueaii solar time, tJien 

3G0° — 50".2 : 360° : : 3S5'' 5'' 48" 48' : y,^\ 
yheiioe 

y,^ — 365" 6" O" D'.tJ (62) 




AISERliATION. 

§ SI/). The earfli's orbital motioD, combined witi) tlia motion of light, 
produces an apparent liisplaeenieiit of all the heavenly bodies in the di- 
rection of the point of the celestial sphere towards which the earth is, at 
the instant, moving. This displacement is called aberration. 

Thus, let 5 be the place of a heavenly f^. so. 

body, E\h&l of the earth moving fiom M 
towards Hf along an arc of its orbit. 
Fi'om .ff take any distance EE' ; join S 
and E', and lay otf upoiujB' S tlie distance 
ff'C, which beare to EE',i\it ratio of 
the velocity of light to that of the specfci- 
tor, jind suppose C connected like himself 
with the earth. 

Now a wave of light fi'om S, another 
wjiich originates at 0, when tbat from 'S 
passes this point, and tlie spectator's eye 

starting from E at the same instant, will all meet at E', and as bodies al- 
waj^ appear in tbe direction of the normal to the wave front, the point C 
and the body 8 will be- seen in the direction E' S. But C, having a ve- 
locity equal and parallel to the spectator, will have passed on to C", at the 
■extremity of a line through Cequal and parallel to .^.ff'; so that when 
C' appeal's in the direction of the bodv 6 t 11 ti t be n advance of 
it by the angle SE'C 

Let be the optical centre of the Ij ct t|<;ss tat lescope, attached 
to the face of a graduated circle, nio\ ng the pi ne of the body and tlie 
tangent line to the terrestrial orbit at the ea tl s \ late a 1 JS' ihe inter- 
Bection of the cross wires at tlie solai fo n% then when tl e n age of the 
body appears at. the latter point, the 1 ne f coll atio will he in advance 
of the body itself, and its insti'ument I beaing il be n o ror by the 
angle S E' C, and must be coiTecte 1 bv the sqme a gle to ^et the true 
healing, 

g 216. But had 3 been a terrest 1 ol t > 1 t n ts light from 
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the position S had reached G, the body itself would have been at S", the 
intereection ot H produced and S S' drawn parallel to ^S' ; and at 
the instant of its light reaching E' the body would have been at S', the 
intersection of ,5 S" produced and the line of collimation. Geodetical 
ohseirations are, therefore, unaffected by aberration, while astronomical 
observations are, in general, affected by it. 
§ 217. Make 

r= SE' S' = ECE' = aberration ; 

a :^ S E' N = angle the direction of the body maltes with 

that of the earth's motion. 
V = velocity of the earth ; 
V ~ velocity of light t 
Then, in the triangle OWE, 



whence 



¥■ -.V :: sin (a - r) : sin r, 

..,=;...„-„ . . . 

If p, denote the mean radius of the earth's orbit, then will 



3U5^25t)36' 

and it will be shown' hereafter that light requires IfS"' 26' to pass o 
distance 3 p^, and therefore 



3.1416 X le"' 26' 



from which, and equation (64), it is apparent that r is very small, and 
may be neglected in comparison with a ; we may therefore write 



n which 206264.8 is the number of seconds in radius ; whence 
r"= 0.00009815 X 206264".8 sin a,* 

r"=20".246sina . 
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§ 218. Let ABh% tlie intersection of the celestial 
sphere by a plane through the body and the direction 
of the eartb's motion, A that of a plane through 
the observer and star, and perpendicular to the plane 
of the ecliptic, and B s.n arc of the echptic ; then 
will B be the point in which the tangent to the eai'th's 
orbit at the place of the earth pierces the celestial 
projection of the body upon the celestial sphere, 
AC='Ks.aACAB = q^, we have 

cos 9 = tan >. cot a, 
and 

cos' (p ^= tan^ X , cot^ a. 




and solving ivith respect to si 



and tliia in equation (65) gives 



Vr^^ 



(06) 



which is the polar equation of an ellipe, the pole being at the centre. 
So that, if the image of a fixed star were kept constantly on the cross wii'es 
of a telescope during one entire revolution of the earth in its orbit, the 
line of colliniation would trace upon the celestial sphere an ellipse of which 
the star would occupy the centre ; the Benii*transveree axis would be 
20".246 and the eccentricity cos X. 

If the star were in the plane of the ecliptic, then would X = 0, 
cos X = 1, and tlie orbit would become a right line equal in length to 
40".492. If the star were at either pole of the ecliptic, then would 
X = 90, cos X = 0, and the orbit would be a circle. Between these limits 
the eccentricit;' will vary from I to 0. 

The coefficierit 20".246 is called the coTutant of aberration. 

§ 219. Since the aben-ation is in the aiC-d.S, its projection on AG 
will be the aberi'ation in latitude. Denoting the latter by t*, we have 



-dbyGoogle 



BELIOCEXTRIC PAllALLAX. 



Vl - cos'X.sin' ip 

whicli is obviously the greatest when ip = 0° or 180°, in which caae the 
earth will he moving parallel to the ciicle of latitude of the body, and the 
aberration in latitude "'ill be equal to 20".24G - sin X, which is the 
semi-conjugate axis of the ellipse. 
The aberrati<Hi in longitude denoted by r, will give 

20".246.tanX.sin ip , , 

r,= -r=====^- , (68) 

which is the greatest when tp = 90° or 270°, in which case the eaith will 
be in the act of passing the body's circle of latitude, and the corresponding 
aberration will be 20".246, the semi-transverse axis of the ellipse. 

I 220. Equations (66), (67), and (68) ai'e applicable to a body which 
has no proper motion of its own. In case the body has a motion, this 
must be allowed for in clearing its instmmental bearing of aberration, and 
the mode of doing this will be indicated under the head of planets. 

§ 221. In the case of the sun, which may be regained ns fixed, (p is 
always 90°, sin ip ^ 1, and replaciug 1 — cos^X by sin' X, equation (66), 
reduces to 

r= 20".246; 

that is, the sun will always appear behind his true place by the constant 
of aben'ation. 

§ 223. In conclusion, it is proper to remaiQc that V, the velocity of the 
earth in its orbit, which is assumed to be constant, is not strictly so, but 
the variation is so small as not sensibly to affect the foregoing resulte. 
The actual velocity varies inversely as the length of the perpendicular 
drawn from the sua to the tine which is tangent to the earth's orbit at the 
eai'th's place {Analyt. Mechanics, § 193), But the eccentiicity of the orbit 
being very siDail, gives but httle variation in this peipendicular. 

HELIOOENTEIO PARALLAX. 

I 223. The place in which a body would appear if viewed from the 
centre of the sun, is called its Helioceidric place. 

§ 224, The arc of a great circle of the celestial sphere drawn from the 
heliocentric to the geocentric place of a body, is called its ITeliocentiie 
parallax ; and is obviously the path a body would appear to describe to 
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were ha to pass from oae extiemity to 
the other of tie eavtli's radius vector. 

Thus, let S be tlie sun, £" the earth, £ the body, 
and MJV the intersection of tlie celestial sphere ■ 
by a plane through the body and radius vector 
SS; then will B' be the heliocentrie, and £" 
the geocentric plac^ of the body ; and B" B' its 
beHocenfric parallax. The heliocentric parallax 
measures the angle B"BB' = SBE = the angle 
at the hody subtended hj the radius vector of the 



earth. 

§ 225. Make 

D = SB = distance of body from snii 
ff = S-B = earth's radius vector; 
r, ^ S BE ^ heliocentric pai'allax; 
a_, = SUB = angular distance between 
then in the triangle SEB, 

D : S : : >-m a^ : siu r„ 
■whence 




When n, = 90", tien will r^ be the greatest possible. This u 
heliocenf tic parallax, is called the annual parallax ; which denote by it 



and if if be very s! 



ff is expressed in seconds, and u denotes the number of seconds in radius. 
From this we obtain 



(10) 



This gives the distance of the body from the sun in terms of its a 
parallax and the earth's radius vector, 

§ 220, Substituting the value of i* in Eq, {CD), and making 



(;i) 
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g 227. Let S be the sun's place in the eclip- 
tic, -B tlie place of the body, £A the arc of a 
circle of latitude, SA an arc of the ecliptic, 
and ^ the eai'th. Tie aide SB will measure 
the augle a^ ; and denoting the aide AB by X, . 

and the angle S£A hy iji,, we have / 

cos m = tan X , cot a ■ // 



which in E<|.(!1) give. 



Vl — cos= X . sinV, 



(52) 



This is the polar cc[untiou of an ellipse having the pole at the centre ; 
and it shows that the parallactic path of a body's geocentric place, due to 
the earth's orbital motion alone, is an ellipse of which the centi-e is the 
body's heliocentiio place. 

The senii-transvorse asis and eccentiicity are respectively * and cos X, 
If the body be in the pole of the' ecliptic, then will X = flO, cos X= 0, 
and the ellipse becomes a circle; if in the ecliptic, then will X = 0, cos X 
= 1, and the ellipse becomes a right line whose length is 2 *. 

§ 228. Hehoceatric parallax throws a body from its heliocentric place 
towai'ds the geocentric place of the sim or towards that point in which the 
earth's radius vector, produced beyond fhs sun, pierces tlft celestial sphere. 
AbeiTaiion throws it towards the point in which the tangent line to tlie 
earth's orbit, at the place of the earth, pierces the same surface. Both 
points are in the ecliptic, aijd if we neglect the eccentricity of the earth's 
orbit, which we may do without senable errar when the heliocentiic par- 
allaxes are employefl, these points are 90° apart When, therefore, ip =: 0° 
in Eq. {'61), then will ip^ = 90° in Eq. (72), and vice versa ; and the least 
possible helioeenti-ic parallax will occur at the time of the greatest aben-a- 
tjon, and the least aberration at the time of the annual parallax. 

§ 229. When the longitudes of the snn and body diifer by 00° or 270°, 
the heliocentricparallax will become the annual; and if the longitudes and 
latitudes of the body be taken at these times and cleared from tlie effects 
of abei'ration and nutation, thei-e will result the longitudes, and latitudes of 
two points separated by 2 * or double tlie annual piirallax. The value of 



-d by Google 



56 SPHERICAL ASTEOBOMY. 

« then becomes tnown by a simple proportion in spherical geometry, and 
substituted in Eq. (70) gives tLe body's distance fi'om the sun. 

§ 230. The geoeeatiic co-ordinat«s of a body corrected for hehocentnc 
parallax, become tlie heliocentric co-ordinates, that is, the co-ordinates as 
they would appear if viewed from the centre of tlie sun. 

THE SEASONS. 

§ 231. The sun is the great fountain of those etherea! undulations miiich, 
acting upon tiie material of the earth's crust, g^ve to the latter its surfece 
beat ; and the tempei'ature of a place depends upon its exposure to their 
calorific action. While the suti is above the horizon, the place is receiving 
heat, and while below, parting with it; and in such proportion that the 
whole quantity gained and lost balance each other, since every location 
haa neai'ly a constant average of annual mean temperatuie, as indicated by 
the thermometer. 

§ 232. Whenever the sun is above the horizon more and beneath lees 
than twelve hours, the general temperatuie of the place will be above the 
average, and the converse. 

I 233. A portion of the wave having a frant surface equal to unity can 
generate bnt a limited quantity of heat, and, all other things being equal, 
the temperature at say one location wiJI be inversely propoi'tional to the 
estent of the earth's sraface upon wliich this unit is made to acL If the 
wave front be pai'allel to the eaith's suiface the temperature will be gi'eat- 
est, for then the action is confined to the narrowest limits ; if veiy obhque, 
the temperature will he low because the action is diffused over a larger 
space. 

§ 234. Let A£he the section, hy a vertical plane through the sun's cen- 
tre, of a portion of the wave fronts the surface of this portion beingunity, say 
ten squaie miles ; and A C the projec- 
tion of the same on the earth's sur- 
face hy normals to the wave fronl^ ^ \;._ 
called rays, ^ r • ^ •' 

The sections are sensibly rectihne *i '^\^ ji^ 

within the limits assunied, lad the '^"\, ^ 

rays being normal to the wa^e ftonf • i- "ji^-/"" w ,/ ■ yuyr ./y/r/m^ ' ^mf 
male with the line of the zenith ind 

nadir to the eaith's suiiace, n angle equal to BA G equal to the sun's 
uenith distance, which being den te 1 1 v a ve hate 

At - il L 
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Denote by T the temperature ivlieD the wave and earth, surfaces are par- 
allel, and by / wlien they are ohiique ; then 

AB.secz : AB :: I' : I; 
whence 

and if I, denote the temperature which would result at the unit's distance 
from the SUB, and r the radius vector of the earth, we hayo from the law 
of diffusion, depending upon distance, 



(73) 



§ 235. Resuming Eq. ( 6 ), and makiag p = 90° — i^, in which d d 
lotes the sun's decJi nation,, we have 



whi.;h, in Eq. (7.^), giv&s 

/=i-.[sin2.siii(i + cosi.cos<Z.cosP] . . (75) 

This result is wholly inaependent of teiTcstrial lon^tude, and is only de- 
pendent on the latitude of the place, the sun's declination, and the place 
of the earth in its orbit. All places upon the same parallel aii; equally 
exposed, therefore, to the solar influence, and whatever differences of mean 
tempei'atui'e and of climate they may exhibit fire due to local causes, such 
as the vicinity of mountains, extended plains, forests, deseits, or large 
bodies of water, upon all of which the sun is known to produce great va- 
riety of thermal effects. 

§ 230. Making s~ 90°, in Eq. (74), ive have 

cos P - - tan / . tan (? (76) 

and making /• = 0, in Eq. (75), we have 



.{l^d) 



Eq. (76) gives the value of the semi-upper diurnal arc, or the time the sun 
b above the horizon, or the duration of caloiifie action; and Eq. (77) tho 
intensity of the solar influence when greatest. 
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§ 23T. In the courae of the tiopicil jeai the declinaticm varies neaily 
47°, the sua beiug at one time about 23° 5 north, and at another about 
the same distance soiiUi of the equator 

As long as the latitude anrl dechnation are of the Bame name, tliat ia, 
both north or both south, the sun will, Eq (16), be longer than twelve 
hours above the Lorizon, and the place will Jeeeive more heat than it loses. 
And in proportion as the latifude lud decimation approach, to equality, 
tte intensity of the solar action will, Eq (77), approach its maximum. 
This peidodical variation in the doily aveiage temperature of a place, 
caused by a change of the sun's dechnation, gives iise to the phenomena 
of the seasons. 

§ 238. The interval of time dunng which the daily increment of tem- 
perature of a place is inereamiff is called its ^ing ; that during which 
this increment is deereadng is called its mimner, ; ibat duiing which the 
daily decroinent is sMCT'easinjc is called \t& autumn or fall; and that during 
which this deorement is decreasing is called i(s winter. 

I 239. Within the tropics CC and j,,^ j, 

DD', and especially about the equator j, 

Q Q', the tempeiature is Eqs. (76) and 
(77), neaily umtonn, lad always high 
On this account the terie=tiial bt,lt 
bounded by the tropics is cilled the 
to nd iOTie I 

Between the tiopios and polii c\r 
des^J'and B£ the aveiagi daih ; 
tempeiiture is much ]e=s umtonn and 
alwijs lowei than in the toind /one 
The belts bounded bi the tropir^a and 
polar circles are called temperate zones 

Between the polei P and I" and polii 
erage daily temperatuie is the gieatest posaibk and the tcmpLiatuie itselt 
least The portions of the eaiJhs auttace about the poles and bounded by 
the polar circles aie called /r^^ti zones. 

§ 340. Places within the torrid zone may be said to have two of each 
, of the seasons during a tropica! year, and all places in the tempei'afe and 

For all places in the north temperate and frigid zones, spring begins 
when tlie sun is on the equator and passing fi'om south to north, or on the 
20tb March ; summer, when the sun reaches the tropic of Cancer, or on 
the 21st June; autuinu, when tlie sim returns to the equator in passing to 




rtles, the \ 
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the soutt, or 22d Saptember ; aud winter, when the sun reaches the tropic 
of Capiicom, or 21st December, For all places in the south temperate 
and frigid zones tho names of the seasons will be reversed — spiing becomes 
autumn, aud summer winter, 

g 241. The elliptic form of the earth's orbit causes the radius vector, 
and therefore, Eq. (77), the intensity of the solar heat, to vary. But the 
angular velocity of the earth about the sun also varies, and according to 
the same law, viz. ; that of the inverae square of the earth's distance fi'om 
the sun — Analytical Mechanics, Eq. (266), Equal amonnte of heat will 
therefore be developed while the earth, is describing equal ai'cs of longitude, 
and tlie supply will be the same duiing the description of any two seg- 
ments, equal or unequal, into which the entii'e orbit is divided by a line 
tluwugh tlie sun. The eartJi is neai'er the sun while the latter is south of 
the equinoctial, or from the latter pact of September to the latter pai't of 
March ; and it describes the corresponding part of its orbit in a time so 
h liortencd as jutit to balance the increase of thermal intensity. But 
f th 1 i pe t tl ffect wonld be to increase the difference 
f m d te t I tm' in the southern and to diminish it in 
tl tl h m ph As t however, no such inequality is found 

t b b t q 1 d mp tial distribution of heat and hght is ac- 

d d t b h 1 m ph 

§ 242, But it must not be inferred that the mean surface heat is con- 
stant throughout the year ; for such is not the fact. By taking, at all sea- 
sons, the mean of the temperatures of places diametrically opposite to one 
anofhei', Profe^or Dove finds the mean temperature of the whole earth's 
Buitace in June considerably greater than that in December. This is due 
to tlie gteater amount of land in tJiat hemisphere which has its summer 
solstice iu June ; the thermal effect of the sun on land being greater than 
that on water. 

§ 243. The variation of the radius vector amounts to about -^ of ila 
mean value, and therefore the fluctuation of heat intensity to about -^ of 
its average measure — a circumstance which is manifested in a great excess 
of local heat in the interior of Australia during a southern, over that of the 
deserts of Africa dniiug a northern s 



TRADE WINDS. 

§ 244. A discussion of the trade winds, the earth's magnetism, and the 
iides, belongs.instrictnesa, rather to terrestrial physics than to astronomy; 
but the necessary connection of these phenomena with the earth's diurnal 
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qI the iction of foieign 1: d liei upon tl e ea th as wsll as their 
)e to naTigation, make i ouffinenf apolcgj tor utiodunng them 



^ 245 The surtace uf the tomd zone h most heatei its eifp^s of 
tempetatuie is Lomnmnicated to the 'ii ppiincu nbent atmosphere the 
latter is etj an ltd and be ming specilically lighter is pressed 1 1 wird by 
the colder poitions on the noith and south whicli move in and tike ita 
phce These in their turn i e heated exjanled and piei^ el u]waid 
and I constantly a Lending ciirent is this j^roducedo di in ent e zone 
of which tlie boundines fluctuate inth the waiving leclrait on of the &iin 
an i tie pioportion of land and watei on the belt of the earth 3 crust 
lym£t imm liately under the suus dimnal path The iii thus accumu 
lated at the summit of the iseending column being un=uppited on tlie 
noith and south flows ofl undei the iction of its own weigbt in either di 
lection towards the poles ind after cooling tecends i^im to the earth s 
suitace in the higher latitudes of the fempt-nte zones to ''upply the jla«e 
»nl follow the coui'se of that which Ins passed to the ton i zone 

§ 246 Tno atnioapheno 1 n^o a it wei distngtihed l> pe uliiitiPS 
of internal circulation are thus mile t Lelt the eith on th r 1e f 
the equitoi in directions jaril 
lei 01 neaily o t that grett 
cucli' On the lower side of 
these rings in contact with the 
eaith, the air mo^es towaids 
th(, base cf the iscenlin^, <xl 
umn ind on the up[ ev to« iids 
the poles 

§ iil By the duinal mo 
tion of the earth places on the 
equate hx\e the greatest ■velo- 
city of rotiticn, and all other 
places lets m the piopoition of 

the radu of then iespect\e jirall^h f )i til Tl o ] t ns t tl e 
aaiead ng column which flowtovards the ptl s et out with tie eist 
ward intertropcal yeloc ty vh ch ihey carry with them in pirt to the 
higher htitules \ here they desceni to the enrths surface T an oh 
seiver stuated in these latitude? the in ■« 11 ha\e an ajjarent eist 
warily mot on ajproiehmo to the excess of the intertropical velocity over 
ihitof fhp obseivei pirallpl Here tve&te ly wmds-p evid 

^^48 I li Is 1 le leiiipes 1 wei fh^ tenle \ of the i la 
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twvFards the equator, and this eombiaed. with what remains of thi* 
apparent easterly component, just refefrsd to, gives lise in tlie nortb- 
ern LemispKere to a northwesterly and in the southern fo a southwesterly 

g 249. In its onward course towai'ds tlio equator, this same air crosveg 
suecessively parallels of greater and gi'eater velocity, and this, togellier 
with fiiofJon against'the earth's surface, reduces the air's excess of easterly 
motdott to zero, and here norlherhj winds prevail in the iioilhern and- 
soallterlj/ winds in the sonthern hemisphere. 

I 250. In latitudes still lower, the excess of rotation is in favor of the 
earth's surface, and the air, unable to keep up, now lags behind, and ap- 
pai'ently tends to the west ; and here, if the places be in the northern 
hemisphere, nortlieasterly, and if in the southern hemisphere southeasterly 
winds prevail 

§ 251. Nearer to the equator the radii of the parallels vaiy less rap- 
idly, and the velocities of places on the same meiidian are more nearly 
equal. In crossing these parallels the air in its ouward course finds less 
vacation in the velocity of the earth's surfece, and friction, which now 
urg^ the air to the east, together with the easterly pressure below, arising 
from the westerly lagging in the summit of the ascending column, due 
to its decreasing angular motion as it recedes from die centre of rotation, 
soon brings the air and eai'th to I'elative rest. This occmis within the base 
of the ascending column where the cunents of air, which are continually 
approaching each other from the directions of the poles, meet. This is, 
therefore, a region of calms. 

I 252. The aerial emrents thus produced under the combined influence 
of solar heat and the diurnal motion of the earth, are called Trade winds ; 
and they are so called fi.om the benefits they are continually conferring on 
trade deiiendeut upon navigation. 

§ 263. A voyage ft'om the United States to northern Europe in a 
sailing vessel is on an average ten days shorter than in the contrary direc- 
tion. A sailing vessel on a passage from northern Europe to the sontliem 
coast of the United States would proceed to the Madeiras to take the east- 
erly trades, and returning would proceed to l3ie Bermudas to catch west- 
erly trades. 

§ 35+. Widun the re^on of calms the ascending column of air car- 
ries with it a large amount of aqueous vapor. In its ascent the air expands, 
its temperature is depressed, its aqueous vapor is first condensed into clouds, 
then into rain, and thus the region of calms is also a region of dense 
clouds and copious laius ; the foimur giving to the earth, as viewed fiom 
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a distance, tbe appearance of hcing girt-'fl !y Vol- Ink'n belis irnnfel 
in zones pai'allel to the equatoi 

§ 255. The limits of tlie tmde do not al lys o c the s e lati 

tudea, but vary with the seaso I D embe an 1 Jan irj wl en the 
sun is fiirtiiest soafi, tlie nortl e n bo nd ry of tl e no theast t ql a of the 
Atlantic is about 20° N^ whilst n the opposite season horn June to Sep- 
tember, it is 32° N, 

§ 266. Owing to the gi'eat dispanty the effects of sola heat pon 
land and water, and to the infl eii e of mo ntajn rang s and valleys jon 
atmospheric currents, the regi la tridea only occ is a general de at 
sea, though in some level count e witl n or near the t op cs constant 
easterly winds prevail. This ns enal Hj tl e dse o e the at plains 
drained by the Amazon and lowe noco 

§ 257. The trades of the otean nd of the hnd a e seja ited by a 
belt, within vfhich other and an ble n1 o r Th s belt 1 es upo 
the ocean, and extends along the coiats When to the east of the t ades 
it is often a hundred miles n de b t when to the wast ta dfh is mnch 
smaller. The interruption ot the t ades, he e eterred to 1 e to tl e 
diffeienee of temperature of the a on sea in 1 land whi h changes vith 
the seasons. The air over the Ian 1 n the 1 i,her lat iu les s the warmer 
when the meridian zenith d t nee t the sun lei t anl ]\ t when 
greatest. During the fii-st per od the wand s irom tl e sei to the land 
and in the second from the land fo the sea thus g v ng nse to the pc lod 
ical winds called Monaoonn, wl 1 cur even tv 1 n tl e 1 m t"! of fh 
trades. A large island thus c cunstanc d s bunounded by a udtl 
ing from all quarters at tha same t me 

§ 258. A similar difference of te np it e b t vJ 1 a v fh tl e 
olteniations of day and night 'w^ t I t ue ciU d fh. s a in 1 



TERRESTRIAL MAGNETISM. 

I 259. Another most important effect from the wUi h4-at, combined 
with the diurnal motion of the eafth, is the earfA's ouifftteham. 
\ § 260. A difference of temperature in different parts of any body form- 
iug a continuous circuit is ever accompanied by electrical waves, propa- 
gated fi'om the hotter to the colder parts. If the oircnit be composed of 
various materials, possessing different powers of conducting heat, this diiKr- 
ence may be maintained in greater degree and duration, and the effects of 
tlie electrical flow rendered more strikingly mainfe^t. 
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g 261. When the source of heat is moved gradually alocg fJie circuit, 
the electrical flow is in the direction of this mofioii, the coMer portiona 
always lying ia adyancs aud the warmer behind the moving' soui'ce. 

I 282. A compass-needle, bTOnght within the influence of such a cii^ 
cuit, will aiTaiige itself at pght angles to the direction of the flow, and 
under the same circumstances the same end of flie needie will always 
point in the same direction. All this is the result of observation and es- 
peiiment. 

§ 263. The earth's crust is one vast thermo-electrioal circuit, and its 

§ 264. In the diutnal motion of the earth, the different portions of its 
tropical legions are heated ia saccession by the sun dining the day, and 
cooled by radiation during the 8u<x«eding nighi The hotter portions will 
therefore lie to the east and the colder to the west of the sun's place. A 
perpetual flow of eleotiicity is thus developed and maintained in and 
about the earth's crust from east to west, and gives lise to the earth's 
magnetic action. 

. I 265. Were tlie materials of the earth all equally good electrical con- 
ductors, aad the sun always in the gquiiioctial, the electrical flow would be 
parallel to that great circle, and the compass-needle would always point 
directly north and south. But neither of these conditions obtains. The 
materials Tary greatly in conducting power, and the sun's declination is 
ever changing. 

I 266. The disparity of conducting power directs the electrical flow in 
^atlis of double curvature, of which the general direction is parallel to 
the equator, and the varying declinations of the sun are perpetually shift- 
ing their precise location and shape as well as changing the intensity of 
the flow. 

g 267. The position of stable eqnilibiium, assumed hy a magnetic nee- 
dle reduced to its axis, freely suspended ftom iti centre of gravity, and sub- 
jected alone to the directive actiou of the earth's magnetism, is called the 
mitffnetic pofdtiim of the place. 

§ 268. The iiitersecfion by a vertical plane through the magnetic posi- 
tion witli the celestial sphere, is called the inaynetic meridian. 

§ 269. The angle made by the magnetic and the true meridian is 
called the magnetic declination, or simply declination. 

§ 270. The inclination of tlie magnetic position to tlie hoiizon is called 
the magnetic inclination or dip. 

§ 271. The magnetic position at the same place is continually vajying 
It dascribes daily a conical surface, of which tlie place is the vertex, and 
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M IILl K AL ■i- 1 



11 tilt 1 



nluli. ilu= iMi itselt deicnbes i 



n iwsitio 
faci, once i yeir ibout aq annual mi.au poaitioa 

t; 2/2 Till mtm of all ilii, tletlumtiou and of dips thiol 
oDe day aie thu d«tlin itiou \ti<\ dip foi thit dav and lit 
dmnud dechualion and di}! Iho iiiein ot all the Jiuinul detlmi-ions 
and dips foi the diffeteiit diys tliroii^Uoiit any given yen aie the decli 
iijtion md dip loi tLit leii ind in, called tljc annual dediaation 



.lioiit iny 
^illid thp 



^ 2'i'5 The dady iiid Bnninl fiiitlinticnB here referied to ne ( dltd 
penodii, Jianges The jiuiiiial deciinition md dip sho change md thi.-'e 
changes, wliith aie tound to talie place in tha aami, dnection fui i ^leit 
mam \ears, ire called se<.idai chnitgi.': 

fe 274 The maguetic dfJination and dip \siy, in gcncnl, with the 
locality Ihi Imo < onneitmg those places wheie the dcihnation i^i zeio 
1'. L LJltd the lino of no declination , and the line thiongh the place, wheie 
the dip I zci) IS cilled the niaqnetn. fi/uaiot 



Fig 5T 




§ 275 Accoiding to the Mignttic ^.ths of Hanstpen ooiistriicted for 
1181, the line of no dechnition i3 found on tie paiall 1 ot 60 noith a 
little to the we^t of HudwnsBaj it pio<«edim a bontlieif.teih diiec 
tion, through Biitish AmencJ the no th tern lakes the United fetatD^ 
and entei's the Atlantic Ocean ne Ches peike Bay passes neai- the An- 
tilles and C;ipe St. Boque, ai i eontin es on th o d tl e southern Atlantic 
till it cuts the meridian of G enw t,h n so th htitude 05°. It iiiappeais 
in latitude 60° south, below Ne v Holknl, crosses thit island through its 
centre, runs up through the In 1 in A 1 plago th a double sinuosity, 
and crosses the equator three t mes— fi-«t to the east of Boraeo, then be- 
tween Sumatra and Borneo inl agin outh of Ceylon, from whlidi it 
passes to the east through the "idle t 'm' Ittlei stretches across the 
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wast of Chins, making a semicircular sweep to the west till it reaahes 
the parallel of 71° north, when it descends again to the south, and re- 
tui'cs northward with a great semicirculai' bend, which terminates in the 
White Sea. 

On the magnelic chart this line is accompanied throngh all its windings 
by other, lines upon which the deeJination is 5°, 10°, 15°, &c.; the latter 
becoroing more irreirular as they recede from the line of no declination. 
Tlie nse of these I t po t 1 1 vig t rs ilmg by mpiss th 

bearing of tlie true in 1 f th m ti 

§ 2ie. On the a.t f th A i w t f th As t I h f 

thelineofnodecl t th 1 1 t w t,whl t th w t f th 

Anietican and east fthAtb hthdlt t. 

g 277. The mag t j to t tl t t 1 q t i ff t 

Haiisteen, in four, dtMlt tw^ tcjlllorf thli 

is in the centre of Af 

I 278. Beginn i,ttIiAf odtl gntqt dee 

rapidly to the north IqtsAf Itl thfCpT If d 

attains its gieatest tl 1 t d 12 62 f tl gt J h & 
wich. Between fb, 1 d 174 f th m t t 1 

to the north of th t t 1 q t It t th I 1 \ 1 

little to the north 1 j C m t tl C If f R 1 t 

a slight advance tihteatlqt fmhht ly df 
at its entrance int tl G If f m It h t 1 tl t tb 

north, almost touch th rtl p t f B t th t t be- 

tween the Philipp esdthlfMd 1 thml f 

Tain h«a th rtl 1 tit ! t 9 P m th j t t 
s the arch i 1 g f tl G 1 Isl 1 d desc da ] % t 
the terrestrial eq t h h t ts d g f M 1 t 174 d 

according to Han t 187 t 1 cut d II xtp t f t t 

with the equator tl tdlO H ocodgtMltt 

does not pass iato th ih h m ph I t 1 ds q t th th, 
while Hansteen mktostth -th 1 ti (h f Is- 
taDceofl5°oflo mt d 1th t so f! w d 1 t th th 
ern hemisphere i 1 t d 108 w t 3 f m th w t t f 

America. Betwe th p t It t t w th th f t 1 
equator in Afiica, th m g t q t 1 h Uy th tl h m 

spheve, its greatest soth Ittdl ght5 

§ 279. The dip es as tl dl d tl d f m th 

magnetic equatoi h Jftl 11 hh-jsujemt th 

northern being k t th hi ] h 
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§ 280. Tie poinfa at ivhiih the imgnetic needle is vertical are called 
fie magnetic poles. Of these there are tour, two in each hemisphere, 
their poaitions heing indicated on the magnetic charts, 

g 281. On the mngBctic chaif'', the magnetic equator is accom 
paiiied by curves of equal dip as m the cise of the lines of equal decli- 
nation. 

§ 282. The line of no declination ind tte nodes of the magnetic equa- 
tor are found to hare a slow westerly motion, thus causing the differ- 
ent lines of equal decMnation and dip to pass successively through the 
same place, and illustrating the utter worthlessness of all maps constructed 
from compass hearings unless the diurnal deeiinalions of the needle are 
carefully ascertEuned and recorded thereon, 

I 283. The intensity of the eai'tli's magnetic action increases with the 
proximity of the electrical paths to the needle and with the difference of 
temperature in their different parts ; and from changes in these, produced 
by the varying zenith distance of the sun during the day, and of his me- 
ridian zenith distance throughout the year, arise the daily and annua! 
mutations of declination and dip ; while to changes of the earth's crust, 
produced by geological causes, and increased cultivation of the soil from 
the spread of civiUzation, are to be attributed the secular variations of tha 



§ 284, Those periodical elevations and de- 
pressions of the ocean by which its waters are 
made to Sow hack and forth through the 
estuaries that indent oiu' coasts, are called 
Tides. 

§ 285. Perpetual change in the weight of 
the watera of the ocean, due to the attraction 
of the sun and moon upon the eaith, and the 
diurnal rotation of the latter about its axis, 
cause and maintain the tides. 

§ 286. Let AOBD be a gi'eat circle of 
the earth, in a plane through the sun's centre 
at S. Draw S E through the earth's centre 
at a, and CD through the same point, and at 
right angles to SE. Assume any unit of 
mass as that at G ; join G and S, and make 
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d := S E ^ distance of sun ii'om the earth ; 
f = EG ^ radius of the earth ; 
s=z S G = distance of G from sun ; 
^■=. AE Q := angular distance of G from sun ; 
& = GSJE= angle at eun suhtended by radius p; 
ffi = mass of sun ; 
h ^ the attraction of unit of mass at unit's distance. 

Then, sicoe the attraction on unit of mass is proportional to the attract- 
ing mass directly, and the square of the distance inversely, tlie sun's action 



e" := d'' -\- f — 'Z d ^ ci 



rf= + p* - 2 c? p cos ig 

But each unit of the eaiih's mass is acted upon by a centrifugal force 
equal and contrary to the centripetal force impressed upon the unit of 
mass to deflect it from its tangential into its orbital path. This lattei' M, 
by makiDg p = 0, in tlio above 



and applying this ia ff in the direction G ff parallel to S E, -viti hai-o all 
the action on G arising from the snn's attraction. 

Resolving these forces into their components in the direction of the 
radius E G, and perpendicular thereto ; abo making 

V =: resultant of the components in direcfJon of the radius, 
T ^= " " " " of tangent, 

and regarding the components which act towards the centre as positive 
and the contrary negative ; also the tangential components which act in 
the direction AG 0£ Aas positive and the contvaiy negative, we have 



d^ + / — ^dp cos (p 



" + p' — 2 li p cos p " 



n(9 + fi) . . (I^i) 
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he last factor in equation ( 78 ), raa];iiig coa a = 1, because of 
the smaJi yalue of S, we hare, after reducing, 



but from tlia ti'iaugle JS ff S, we liave 



ajjj 



fe neglecting 6 in the second member 



Substituting this and omitting all the terms into which ^ enters as a 

factor, wbich we may do without materially altering the value of v, we find 

2 km .a . hmp , , ,, 

Again, omitting i, in the last factor of equation (T9), reducing to a 
common denominator and neglecting the terms of which -^ is a factor, we 
have, after replacing cos 9 . sin 9 by ^ sin 2 ip, 

--^■~^'> <«» 

I 287. Malting ip = 0" and tp — 180° in equatioa (80), we have the 
effect on the waters at A and at B ; and in both cases 



Again, making 9 = 90° and if 
ers at Cand D ; and in both cas 



d' ' 

The values of v at j1 and B being nejrative and those at G and JJ posi- 
tive, and these 1 e ng c nnected by 1 law of continuity, through equation 
{80), the effect of the sma attraetion is to increase the weight of the 
unit of mTss or nliat s thi -im<, thing the specific gravities of all bodies 
graduallj in Loth i ect n from it)'' tnd D, and to diminish them 
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in like manner from and D to B. 
And tliis being tnie of all sections of 
the earth through its centre and the 
sun, the waters of the ocean on and 
near the drcumference of a seofion 
through th3 earth's centre, and peipen- 
dicular to these, will, by tte principles 
of hydraiiUcs, press up those about A 
and B till their increased height shall 
compensate for tlieir diminished speci- 
fic gi'avity, or till the weights of the 
balancing columns become equal; so 
that the ocean sur&ce will («ud to asami 
of an oblongated ellipsoid, of which the 




5 its form of equilibrium, that 
■nger axis ia directed towards 



The difierence of the longer and shorter semi-axes of this ellip- 
soid is about 28 inches. 

§ 288. If jtiie earth had no diuraal rotation about its axis, this ellipsoid 
of equilibrium would be foimed, and all would be permanent. But the 
earth's diurnal and orbital motion, together with the ineitia of water, leave 
no suffident time for this spheroid to be fully formed. Before the waters 
can take their level, these motions cavry the line connecting the earth and 
sun westwardly, and the place of the vertex of the spheroid of equilibrium 
in the same direction, thus leaving that of the actual spheroid to the east 
of the sun, and forcing the ocean fo be ever seeking a new bearing. The 
effect is to produce an immensely broad and excessively flat wave, which 
follows or endeavors to follow the apparent diurnal motion of the sun, and 
completes an entire circuit of the earth once in twenty-fonr solar hours, 
thus producing a rise and fall of the ocean level twice within this period on 
every meridian. 

§ 289. The rising water is called the flood, the felling the ehh tides, and 
the general Swell of the ocean is called the primitive tide-waiie. 

§ 290. In the open ocean, where the water is deep, and therefore per- 
mits the fbe transmission of pressure from one remote point to another, 
the motion is one of oscillation in a vertical direction principally. But 
where the tide-wave approaches shoals, such as those along the cOasts and 
the beds of estuaries, which intercept the free ti'ansmission of pressure, the 
water becomes piled up, as it were, on the side of the open ocean, without 
being able to press up any thing to its support on the land side. It there- 
fore flows inland, ani?, produces what are called derivative flood tides. 
After the apex of the tide-wave has passed onwavd, and low-water sue- 
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eed th ant f jp t tut <1 t tli d of iho ean tb 
w t fl B ut t ea nnd f ra ivh t W A d at bb 1 de 

Ih lb n th rth u f oQ nn t g tli pla at h L 1 gL 
i w te any th j ad n^ pi <ise 1 th t J n It 

n u ly a 11 d tdall 

§ 291 Th arth aud m n n a t a h tb and m te 

f m tl UQ aa t & tb n t 1 att ti g atly to p d m nat 
tb =3 f tb n att a t n f n t th n b tt a ti n 

fo th tb Th y th t 1 b t tb mm u cent f 

g a ty and t g tb m nJ tb n 11 att a t u f the m u 

fo th tb p du p n tb an eS t n 1 t th <<, f th 

§ 292 Tb d nut n t w lit t ^ nd .B and i, at C a d 

D yd tly the tf a ting misse uJ »ely as tli hes f 

lii di t n ci t a (80) and (81) al tb ft t po tb t le- 
w nust b n th sam p po b n Tb m ss i tb u S OCO 88 
that of the moon, and he la situated at 400 times tbe moon's distance. 
Wbeace tbe effect of tbe moon at A and S being 
2h pm 



that of tbe sun ^ 


,vill bo 










2*pm355000x 


88 _ 






(400)' d^ 




and dividing tbt 


; laiit by 


the first, we have 








355000X83 


0.488 ; 




(400)= - 



eo that tbe effect of tbe moon is more than double that of the sun. 

§ 203. Tbe lunar day exceeds the solar on au average about 50 min- 
utes ; the hmar tide must therefore move slower than tbe solar by about 
]2**.6 in 24 solar hours; and hence they must sometimes conspire and 
sometimes oppose oiie another. Tbe fonner occura when tbe angular dis- 
tance of tbe sun from the moon, as seen from tbe earth, is 0° or 180°, and 
the latter when this distance is 90°. 

This alternate reinforcement and partial deafniction-of the lunai by the 
solar wave, produce what are called spring and neap tides ; tlie former 
being tbeir sum, the latter tbeir difference. 

§ 294. The sun and moon, by virtue of tbe elliplicities of the terres- 
ti'ial and lunar orbits, are alternately nearer to and iiirther fi-om tbe eai-tb 
Ibaa their mean distances. 



-dbyGoogle 



TIDES. 71 

If die meim distances of the sua and naoon be substittited in Eq. (SO), 
tile con-esponding ellipticities of the solav and lunar spheroids will l>e found 
to be 2 and 5 feet respectively ; so that the average spring tide will be to 
the average neap, as 5 + 3 to S — 2, or as 7 to 3, 

Substituting the greatest and ieast distance of the sun in the same 
equation, the resulting tides are called respectively apogcan and JKngean 
tides ; and representing the elhpticity of the solar spheroid at the mean 
distance by 20, the coiTespondiug ellipticities become 10 and 21. In like 
manner the elliptidties of the lunar spheroid will be found t« vai'y be- 
tiveen the limits 43 and 59. Hence, the highest spritjg tide will be to the 
lowest neap, as 59 + 21 is to 43 — 21, or as 10 to 2,8. 

§ 29S. The sun and moon act to foim the apexes of their respective 
tide-waves at different places, depending upon their angular distances 
apart. This gives rise to a resultant wave, whose apex is at some inter- 
mediate place, and the actual tide day, or interval between the occurrences 
of two consecutive maxima of tie resultant wave at the same place, will 
vary as the component waves approach to or recede from one another. 
This vaiiation from uniformity in the length of the tide day is called the 
griming or lagging of the Udes — tiie former indicating an acceleration and 
the latter a retardation of tlie recurrence of high-water at the same place. 
The priming and lagging are particularly noticeable about the time the 
angular distance between the moon and sun is 0° or 180", that is, as we 
shall presently see, about new or full moon. 

§ 296. The effoit of the attracting body being to form the neai'est vei-- 
tes of its aqueous spheroid immediately nnder it, the summit of the lunar 
and solai- tide-waves follow the course of the moon and sun to the north 
and soutii of the equator, and this gives lise to a monthly and annual 
variation in the heights of tie principal tides at a given place. 

§ 29'7. But of all causes of difference in the heights of tides, local 
situation is the most influential. In some places, the tide-wave rushing up 
naiTow channels becomes so compressed laterally as to be elevated to estru- 
ordiuary heights. At Annapolis, in tiie EayiOf Fundy, it is said to rise 
120 feet. 

§ 298. Were the waters of the ocean free from obstructions due (c 
viscosity, frictioa, narrowness of channels leading to different povts, auil 
the ]ike, the time of high-water at a given place, would depend only upon 
the relative positions of the sun and moon, and theii' meiidian passnges. 
But ail these cavises tend to vary this time, and to postpone it unequally at 
different ports. This deviation of tiie time of actual from that of ibeoret- 
ical high-water at any place, is called the establukment of the port, and is 
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an element of tte iiighest maritime import-ffice When aseeitained from 
oliservKtion t enable he a ne to k o v by s mpl? not c g tli places 
of ihe sun nl moon with pte ence to the n In vhen le m t safely 
attempt the ent -ance of a port ob t^ucf«d by shoals. 

§ 299. In biys, nv rs inl w. nd where f ies a ^ ir n t tuil 

flow of wate the U ne ot Slack, w le or stagnition n t not be con 
foQuded w th tiat of h gh a d 5o v vite Tl ej miy ndee 1 eo c le 
but not of CO rse Ane uet,lo a tanoe and anothp fiou tbe sea, 
1.. . neutralize each othe flo v vl le both con p re to elevite the water 
tuiface ; bo also an ebb ng c r ent may ont ue ts onwi d eou ■se alter 
tie more id an ed j i t of a et n ng fl od hsis ] t t su la e on the n&e 
by checkinc ts elo ty The same ot t o cu enta meetin^ a ■% aoiind 

§ 300. Sfaiting from A as an origin (Fig. 58), and proceeding in tlie 
direction of ACBDA, we find the value of t, Eq. (81), negative in 
the 1st and 3d quadrants, and positive in the 2d and 4th ; so that the 
tangential componenls of the sol^ ind lunai attiactions conspire v/iik the 
normal to increase the height of the gieat tide-waves by impressing upon 
the water a motion of translation tow irds their apeses. But before the 
inertia of the watei will peiimt the latter to acquire much velocity, the 
rotary motion of the earth reverses the direction of the impelling forces, 
and the final effect due to thi"! caii'ie is, m L^nsequence, bat small. 



§ 301. The curve along which a conical surface, tangent to the sun and 
earth, is in contact with the latter body, is called the circle of illumination. 
It divides tlie dark from the enlightened portion of the eattt's suiface, and 
is ever shifting its place by the diurnal motion. 

§ 302. The base of the earth's shadow, into which a spectator enters at 
aunaet, and from which he emerges at sunrise, is inclosed by an atmospheric 
wall-like ring, illuminated by. the direct light fl'om the sun, immediately 
exteiior to that whiclijust grazes the earth's sui'face. The light is reflected 
fl'om the particles of this ring into the shadow, and gives to the air about 
its boundary a secondary and pai'tial illumination called Twilight. A co* 
uical surface through the summit of this ring, and tangent to the earth, 
determines, by its contact with the latter, a limit within whii^ the twilight 
cannot sensibly enter, and twilight will only continue while the spectator 
is canied by the earth's diurnal motion serosa the zone of which this line 
is the inner, and the circle of illumination the exterior boundaiy. The 
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s called the c\ 




belt of tha earth's surface over which twilight is y 
puscular eone. 

Thus, let HOO'E' be a sectiou 
of the eai th s 'iui t^ce on the opposite 
side fiom the ^un, TAA'T of the 
atmo^heie by the same plane the 
height ot the ■ar being exaggeiated 
to a\oid coiihiaing the figuie, ind 
SA and S A two sohi rd>a iin 
gent to the eaith's surface Ihe 
pai ticks of 111 m UA T jnd E'A T 
will be illuminated, while those in 
tit space E i.A' E will be in the 
dndon The section will cut fium 
the tdogeut cone the elements A V 
and A' V, which toucli the earth at 
and 0, leipctively, and being s % 

levolved about Ihe Ime connecting 

the eentiea of tht, eaith and 'un, the put ^^4 Twill generate the lumin- 
ous atmo'pheiio indof-iue and the pomti E ind 0, the eiicle ot illumma- 
tion and interior boundary of the crepuscular zone, respectively. 

§ SOS. To a spectator within the crepuscular zone a portion only of the 
illuminaiiug ling will be visible, and will appear m a bright elliptical seg- 
ment, with its chord in the horizon, its vertex in the vertical circle through 
the sun, and its onthne almost lost in the gradual decay of light produced 
by the difl'uaive action of tte air and the progres^ve thinning and conse- 
quent diminution in the number of reflecting particles towaida the summit 
of the luminous ring. 

I 304, When the spectator is carried obliquely through the crepuscular 
isone without crossing its smaller base, twilight will last all night, 

§ 305. Resuming Eq. (74), that is 

cos z = sin ? sin t? + cos I cos d cos P ; 

substituting the latitude of the place for I, the declination of the sun for d, 
and the value of P, obtained by converting the observed time from noon 
to the end of twilight in the evening, or from the beginning of twilight in 
the morning till noon, into degrees, the average value of a number of de- 
terminations for z will be found to be about 108° ; so that at the end of 
evening or beginning of morning twilight the sun is 18° below the horizon. 
§ 306. From the above equation we find 
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■ ; _ '^^■^ ^ ~' ^"^^ ^ • '^*'^ '^ ■ ^^'^ ^ 

The angle /'S' 2, made by the Jiour 
circle P S and vei-tical cirolo Z S, is 
called the variation or the parallactic 
angle. Denote this hy ^, theu from the 
triangle Z P S, will 

(1) . . . .i.; = «ndc.,. + e<„^,io.™f 

Equating the secoiid iiicnihers of tliis 
and the equation above, we have 

(3) . . , . cos ;.eos /*=; G03«.cos t? — sin s sin rf. cos f ; 

and if tlic sun be in the horizon, then will 

s = 00°, P - /", and f ^ f, and 

(3) . . . . cos / . cos P' = — sin rf . cos ^'. 
Also, from the same tiiangle, 

(4) . . . . co8;.sinP = sin^.sin|; 
and when the sun is in tlic horizon, 

(5) . . . . cos;.sinP'=.sinf. 

Multiply (2) by (3), also (4) by (5), and add the products, there 



From (1), we h,-u'( 



>sf + rin>™(^-r)-™sd 
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wil: 


[GHT. 






which substituted above, 


give 










c«,'l. 


CO.(P- 


_P'; 


l^sil 


1 . . cos 


(i-r 


)-si 


whence, because 














we have 




■n 

- P'] 


1 


- 2 sin' 


.cos^' 




sill 


' 


2 


cos'' i 




passing to the ar 


c and mal;in!; 











15 V 2 cosM ^ ' 

which will give the time reqnired for the sun, or other heavenly hody, 
to pass from the horizon to a zenith distance z, or, conversely, from a 
zenith distance e to the horizon. 

Mabmg e = 90' + 18° = 108°, Eq. (84) becomes 



■v^ 



COS IS' . cos (g — g') 



which will give the duration of twilight for any latitude and season of 
the year; and for this purpose, the values of ^ and f' must he found 
from Eqs. (82) and (83), after making, in the former, 2 = 90° + 18°. 

The value of £, in Eq. (85), becomes a minimum when f = |', and 
for t!io duration of the shortest twilight, we have, after replacing 
1 — COS 18° by its equal 3 sin" 9°, 

l = A.,i„-.(,i„,..,ec;) (80) 

Equating the second members of Eqs. (82) and (83) 

sin rf = — tan 0° . sin I (87) 



In a given latitude, Eq. (86) will make known the shortest twiliglit, 
and Eq. (87) the season at which it will occur. 



-d by Google 



76 



SPHERICAL ASTRONOMY. 



§ 308, 'fhe sign of the second member 
of Eq. (SV) shows that at the time of 
shoi-teat twilight the spectator and the sua 
will he on opposite ades of the plane of 
the equinoctial. 

I 306. The depression of the lowest 
point Q' of the equinoctial heiow the ho- 
rizon HIT, is m° — l\ and of the low- 
est point jS of the sun's diumsl path, 
when his declination is of the same name 
as the spectator's latitude, 90°— (?-f-rf); 
and when 

60° — (; + (i) = 18", 

the end of the evening will be the beginning of morning twilight, and the 
nocturnal path of tlic spectator will be tangent to the inner boundary of 
the crepuscular zone. 




§ 310. The Sitn, as before stated, is the central body of the solar sys- 
tem, and fi'om this circumstance gives to tlie latter its name. It occupies 
one of the foci of all the elliptical orbits of the planets, and, of course, that 
of the earth. 

§ 311. Dialance and Dimensions of the Sun. — Its horizontal parallax 
denoted by P, and apparent semi-diameter denoted by s, vary inversely 
as the earth's radius vector. For the joean radius it is found, § 113-6, 

P = 8".G, ands= 16' 01",3 ; 

which in Eqs. (28) and (29) give 

(J 20(i2G4".8 



8".fl 






8".6 



= 111.5 p . 



(88) 

m 



From Eq. (88) it appears that the mean distance of the earth fi-om the 
Bwn is 23984 times the eaith's equatorial radius; ajid from Eq. (89) that 
the sun's diameter is 111.5 times that of the earth. The volumes of thestj 
bodies are as the cubes of their diameters, and hence the volume of the 
sun is 13S4472 times that of the earth. 
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§ 312. If the equatorial radius p be replaced in Eq^. (88) and (S9) 
by its value in miles, § 98, we find 

r„ = 95,0*3,800 miles, 
3rf= 882 000 ' , 

that is to say, tlia mean distance ot thp eaith hum the '-un is, in loiiiid 
numhers, about 95 millions of miles, and the diameter ol the sun is 882 
thousand miles. The mean distance of the earth ftom the ^un is assmuei:! 
as the unit of linear dimensions in ail ceJestiiJ measuiemtnts 

§ 313. Mass of 5'im.— In Analjticil Mctlimici ^ 201, wo find the 
equation 

^=^r ("»>' 

in which T denotes the periodic time of a body revolving about a centie 
of atti'action, a the mean distance of tho body from the centre, * the ratio 
of the ciroumfevence to the diameter, and k the attraction on a unit of 
mass at the unit's distance. 

Let i become jj. in the case of the sun's action on the earth ; then will 
T become the sidereal year, and a the semi-transverse axis of the eaitli's 
orbit, and 

1-=^^ (») 

and for the action of the earth upon the moon 

^'^_^_ (yi) 

in which )/.' denotes the attraction on the unit of mass iit the unit's distance 
exerted by the earth. 

Now the attractions exefted by two bodies on the same'mass at tlie 
eame distance, are directly pi-oportional to their masses respectively; and 
denoting the mass of the sun by M, and that of the eiirth by JW, we have 

.^ = 11=:^.^ (02) 

M' It.' T' a" ^ ' 

But in Eqs. (02) and (88) 

T = SOS^as, and a = 23984 . p ; 
and we shall presently see that the moon revolves about the earth once in 
27.5 days, at a mean distance of 60 times the equatorial radius of the 
earth. Making, therefore, 
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T' = 27,5, and a' = 00 . p, 
and substituting above, ive liave 



That is, the sim contains 354,936 times as much matter as the earth ; and 
as the common centi'e of inertia divides the line joining their respective 
centres of inei'tia into two parts, which are inversely proportional to their 
masses, tlis common centre of iuei'tia of the sun and earth, about which 
both bodies would deaciibe tlieir respective orbits were they undisturbed 
by the other bodies of the system, is but 267 miles from the sun's centre, 
or about jaVij^'* P''^'' °f ^'^ '^'^^ diameter, 

§ 814. Denote by iJ the density of tJie sun, and by Fits volume; also 
by D' and 7"', respectively, the density and volume of the earth; then. 



Analytical Mechai 
wid by divis 



M=i> . r, 

M' = D' V; 
M _I> .V^ 



and substituting the ratio of the masses and of tlie volumes given above, 
we find 

i> = 0.2543 ._»'; 

so that file sun is but a tj-ifie moi-e than one-quarter as dense as the earth. 
The latter is known, from tlie recent experiments of Mr, Francis Baily, to 
be 5.61, the density of water being unity ; aud this value substituted for 
Z>' above, makes the denaty of the sun not quite once and a half that of 
water. 

I 316. Surface Gravitation of the Sun. — By the laws of gi'avitalion, 
the attraction of one body upon anotlier vai'ies as the quantity of matter in 
tlie attracting body directly, and the square of the distance through which 
the attraction is exeited, inversely. The distance is that between the cen- 
tres of gravity of the bodies. 

Denote hy Wand W the weights of tlio same body on the surfaces of 
the sun and earth, respectively ; then will 
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imi suLstitiiting tlie values jiist found, 
W 

That is, a body weighing one pound at" the equator of the earth would 
weigh 28,5. pouuda at that of tlia sun; and acquire, therefore, during each 
Beoocd of ita fell a velocity o£ 916,44 feet. 

§ 316. Swn^s Rotation and Axis. — Tlu'ougli tlie telescope ^'S- ^ 
the sun's smface often exhibits dai'k spots which slowly 
change their places and figure. They cross the solar dislt 
from east to west, and thus reveal i lotarj motion (f the 
sun itself from west to east about an axis 

g 317. To find the time of rotatjon and the position of 
the axis, it will be necessary firat to find the hehocentnc 
longitudes and latitudes of the same spot at difleient timt 
To do this, let 8 be the sua'a ceutie, E thii d thr- i.ra|h, 
P the spot, and N its projectlot, upon the plane of the 
ecliptic. Malic 

I = helioceutric lou^tude of tlie earth ; 

X— " " " spot ; 

y = P SJV = heiiocentrio latitude of spot ; 
^ = P EN = geocentric latitude of spot ; 

e := SEJV = difierenee of geocentric lon^tude of the sua and the spot; 
J = sue's apparent semi-diameter. 

Then S P sin y = P N = EP s]b ^ = SE &m 13, 

because tire diffeience between EP and S E is iusignifiGant in comparison 
with either ; whence 

SE . ^ sin/3 
smy=^.sm^=-j-^ . . 



(94) 



whence 



SP .c.oiy:EP.coi^::SJf: NE, 

:: sin c : sin (I — x); 



^{l-x) = - 



cos/3 EP 
s y ■ HP' 

.cos/3 



Siu ^ . COS J/ ' 

and replacing cos y hy its value, 
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or for logjffithmic computaiion, 
■In ((-=,), 



(95) 




ft and decliuation, § 152. 



l/,.m (J + ^) . sin (^ - (9) 

§ 318. Position of tlie Sun's equator, and the time of the Stm's rota- 
tion. Let B be the pole of the ediptio, P that of the sun's equator; A, 
A', and A" the heliocentvic places of the p. ^ 

siime spot observei^ at thi'ee diffei'eut times ; ^ , 

and let _S^ EA', MA", PA, PA', PA" 
he the arcs of great circles, Tlie fiist three 
are known fiom Eq. (94), heitig the helio- 
ewina eolatitodes of tlie spot ; as also the 
angles AHA', AHA", and A'EA" from 
Eq, (95), being tlie differences of tie he- 
liocentric longitudes — all deduced from ge- 
oslii'face observations of the spot's light asce 
All the sides and angles of the triangles AHA', AHA", and A'HA" 
aiay be found, two sides and the included angle in each being given ; 
hence the sides A A', A' A", and A" A, and the angles A, A', and A", in 
the triangle A A! A!', are known. Now P being the pole of the sun's 
equator, parallel to which the spot revolves, 

PA ^ PA'^PA"; 
Make 

2S = A +A+A" ^ 2P AJi + 2P A' A + 2PA' A" 
=z 2PAJi + 2A'; 
whence 

PAR - S- A', 

and PAP becomes knomi. 

If P iS be perpendicular to A A", 

AB = ^AA"\ 
then in the right-angled triangle APS, the angle at A and the side AJi 
being known, the side P^ is computed; and, finally, in the triangle 
APH, the sides ^ P and ^ H, and tie angle HAP = HAA"-PA A" 
being known, F H Js computed. 

§ 819. The sxqHP is the heliocentric cdlatitude of the pole of the 
sun's equator, and the angle A HP, added to the heliocentric longitude of 
the spot at A, gives ife heliocentric longitude. The position of tlie sun's 
equator becomes, therefore, known. The heliocentric latitude and longi- 
tude of its north pole at the beginning of the present century were, respec- 
tively, 82' 30' and 350° 21'. 
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From the triangle APS tlie angle AFR beeomea known, the double 
of which is A PA". Then, denoting by 2* the time of one rotation, and 
by t tlie interval between the observations on the spot at A and A'', we 

APA" : t :: 360^ : f; 
whence T is known to be about 25.325 days, making the angular velocity 
of the sun around its axis about one twenty-fifth that of the earth. 

From tWs motion it is concluded that the sun is flattened at its poles. 

§ 320. Physical constitution of Sun. — 
TLe study of the solar spots has led to inter- 
esting conclusions in regard to the physical 
constitution of the sun ilself. The spots are 
transient n h-u^ ter v-j able s ze hape 
and number in 1 confined to two compa a 
lively nar ow zo es j arallel to and t n 
great dbtance h on tie nnsejnitor Tl ey 
appear pe -feetly bkcl. in! suronndellyi 
border less d k lied ^ mb a The 
black part an 1 pen u bra "ue 1 st ncfly de 
fined iu outl ne -ind do not ta le the ( 
Sometimes th s pen mb ■i j r sents f o or uo e 1 le I 
in this caw ■dso the e s no g adat on b t well n a k d 
line, indicat ng a total ibsen « of ble d nc 

As the spots move towards the edge ^k ^ 

of the sun, tlie penumbra oa the innei 
side gradually contracts, and with the 




nto the 



black spot disappears before r 
the boundary of the disk ; the penum- »> j„ 

bra on the outer aide expands, and is 

the last visible remnant of the spot as it pl)^ses behind the sun. At its 
reappearance on. the oppcitt, edge ot the sun, the spot exhibits similar 
phenomena— -the penumbra fir*t ippeirs, then the black portion on ifa in- 
ner side, the contuction ot the penumbia m width, and ifs extension 
around the bla^'k. till the latttr la entiiely suiTounded 

This is precisely the appeaiance thit would be pre=ented by ■a deep pit 
or excavation with a dark or non-luminous bottom. Tlie rotation of tlie 
sun would bring the slanting surface leading from the inner edge of its 
month more and more in the direction of the spectator till it would be lost 
in the foreshortening, the inner edge would presently mask tlie bottom, 
and the surface of the opposite side would be turned so nearly pei'pendicu- 
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larly to the lice of aiglit aa to appear broadest just before passing behind, 
at di'-appcaiao^'e, or at reappearance, to th" front of the sun. 

§ 321 The spots giadually expand or contia^'t, change thoir fiijure, 
vani-h, and breA out again at new places ^ihcTe none were bi,fore. "V\'heii 







(li-ajippanng, the central hlacfe part contrafta to a point and "i anibhe-. be- 
foro the penumbitt ; and a single spot is fconiBtimes seen U> break up into 
two O! moit! sm •'■•• ones 

§ 322. A circle of which the diameter is one second is the smalleat ms- 
ibte area. A smglo second at the eartt la subtended at the sun by a dis 
tance of 461 miles, and the area of the least visible circle on the sun's 
surface is, therefore, 167,000 squai'e miles. A spot whose diameter wjb 
i5,000 miles has been known to close up and disappear m course of six 
weeks, thus causing the edges to appraach one another at the rate of 1000 
miles a day. Many spots distinctly visible have been observed to vanish 
in a few hours, indicating a degree of mobility inconsistent with the idea 
of solids and liquids, 

§ 323. Light proceeding veiy obliquely from the suifaces of incandes- 
cent solids and liquids is always polarized, wliereas that from gn!-es under 
the saiue circumstances is not. The light from the edge of the solai' disk 
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leaves the surface of tlio sun in a direction nearly coincident with the sur- 
face itself, and yet when examined h\ the usuil tests exhihiis no signs of 



5 324. From ill of which it has bpen concluded that the m'iin hody of 
sun is an op ique solid, that this solid is jm ested with at least two at- 




e above the other, that the one next the sun is like that 
of the earth, non -luminous, and that the one above is self-luminous and 
the immediate source of light and heat. 

A temporary removal at any one place of both atmospheres, but more of 
the upper than the lower, by upward cun'enta arising from local causes, 
would produce all the phenomena of the solar spots. The projecting edges 
of the lower atmosphere illuminated from above would form the penumbra, 
while the uncovered portion of the opaque sohd, deprived in great part of 
the light from above bj the intercepting action of the interposed atmo- 
sphere, and reflecting proportionally leas of that actually received, would 
foi-m the black portion. It is highly probable that the black portions of 
the solar spots would themselves appear luminous could the light from the 
other parts of the sun be intercepted. They may be black only ti'om con- 
trast. A piec« of quicklime in a state of most active incandescence under 
the action of the compound blowpipe is, when projected upon the sun, ^ 
dark as the dai'kest part of the solar spots. 

§ 325. But light and heat are the results of molecular agitation. What 
is the cause of that perpetual molecular vibration essential to the self-lumi- 
nosity of the upper solar envelops ? The solar' system is believed to have 
resulted from the subsidence of a vast nebula; the planets and satellites 
are detached fragments left behind in the progress of the general mass to^ 
wards the centre ; the sun itself is the central accumulation. This nebnla 
must have extended originally far beyond the orbit of Weptune, the esle- 
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nor plaoet now known. Tlie distance of this planet from the sun is more 
than thirty times that of the earth. The condensation has taien place 
under the action of weight impressed upon the elements by their reeiprocal 
attractions for one another. The living force with -which so much matter 
would reach the terminus of a fall neceasaiy to transfer it to its present 
abode could not M to impress upon the condensed mass the most intense 
molecular ablation. This agitation, or molecular living force, caa only 
be lost through the agency of the surrounding medium which diffuses it 
through space, and the loss ia a given time is determined by the density 
of the medium, being less aa tbe density is leas. The medium which p-.^r- 
vades the planetary space is so attenuated as to offer no sensible resistance 
It. the denser bodies that move through it, nor could we be conscious of its 
existence at all but for the almost inconceivably small amount of living 
foi-ce which it brings from the sun to impress upon ns the sensations of 
Ught and heat. A process so slow would require countless ages to bring 
tie solar molecules to rest, and convert the sun into a non-luminous mass. 
§ 326. The luminous part of the sun is not uniformly bright, but pre- 
sents a mottled appearance, and immediately about the spots are often seen 
well-deiined and branching streaks, called /acuie* b 'ghter than otl er parts 
6f the surface; among these, spofa often make the appearan They 
are best seen near the boi-der of the disk 

I 327. The brightness of the solar d sk sen biy d n nL.hes towaids the 
bordei-s ; and this fact has given rise to the suppos tion that the sun is 
auvrounded by an atmosphere not peifei,tly t ins; a -ent, nd of g eat extent 
above the luminous envelope. The loss of 1 ght towa ds the bo lers would 
result from the greater absoiptJon of the 1 m nous wa es n consequence 
of traveling a greater thickness of the at n j h e a that d ect on 
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Three observed right ascensions and declinations, together wilh the inte^ 
vals of time between the ohseivations, are suffleient for ils solution. 

§ 329. The plsnea of the orbits passing through the sun, the orbits 
themselves will pierce the plane of the ecliptic in two points, called nodes. 
The node by which the body passes from the south to the noith of the eclip- 
tic is called tie ascending node ; the other is called the descending node. 

§ 330, The angle which the plane of a body's orbit makes with that 
of the ecliptic or equinoctial, is called the mclinalion. 

§ 331. The semi-transverse axis, called the mean distance, and eccen- 
tricity, determine the size and shape of the cooic section. 

§ 332. The inclination, heliocentric Jon^tude, or right ascension of the 
ascending node, and of the perihelion, fix the position of the orbit in space. 

§ 333. The time of the body's being at perihehon, and its mean angu- 
lar velocity, called its mean motion, give the circumstances of the body's 
motion in the orbit. 

I 334. The orbit of a heavenly body is therefore completely deter- 
mined when the inclination, mean distance, eccentricity, longitude of the 
ascending node, longitude of the perihelion, epoch of the perihelion passage, 
and mean motion Me known. These are calW the elements of an orbit. 
They are seven in number. 

g 33S. To frnd a planet's elements. — The polar equation of the orbit is 

. = ^1^ (») 

in which t is the ndiua vector of the planet, a the semi-transverse axis, 
called the planet ■i mean distance e the eccentricity, and i> the planet's an- 
gular distance from perihelion called the true anomaly ; the pole being 
at the sun. 

Making v = 90° r becomes tbe semi-parameter, ■which denote by L, 
and we have, Eq. (96), and Analyt. Mechanics, § 200, 

i = a(t-.-) = i^ (OT) 

in which c denotes the area described by a radius vector in a unit of time ; 
and Eq. (96) may be written 

{B8> 



l + foos 



(00) 



from which, denoting the planet's velocity in the direction of the radius 
vector by F„ we find, Appendix VIt 



-d by Google 



gg aiHERICALASTliOMUMY. 

e^mv = ~.K (100) 

which divided by Eq. (99) gives 

taav = ^.-^r^.V, (101) 

§ 336, Denote by p, the perilieliuii distance, then, making v ^ 0, in 

■^- (fl<!). , . ■ , , 

J^ = «(!-«) (102) 

§ , 337. Douoting by T the periodin time, we have, An. Mec. § 201, 

T= ^^^— ; (103) 

■y/k 

and denoEiug the mean motion by », 

-¥=f ('«) 

§ 338. Take an auxiliary angle, such that 

^^"- rTco.! ^'"'^ 

then. Appendix VII., 7tt=u — e&mu (100) 

in which t denotes the time from perihelion, and n, as above, the mean 

§ 339. The product n t is the angular distance which the planet would 
be from perihelion had it moved fL-om tbat point with its mean motion «, 
and is called the mean anomaly. 

§ 340. The auxiliary angle m is called the eccentric anomaly, and dif- 
fers from « t only because of the eccentricity of the orbit ; for if the latter 
be zero, n t will equal m. 

% 341. From Kq. (106) we readily find 

^°l = '^i^*™i (^''> 

§ 342. Making in Eq. (103,), A = (i, a = 1, and r^ 365''.25e, we find 
Iog|), = G.4711640 
log V^ == 8.2355820 
g 343. Fi'om the centre of the sun draw right lines respectively to the 
vernal eqiinox, intersection of the solstifial colure with the equinoctial, and 
north ce'ieatial pole, and take these as the axes x, y, and e. The planes 
of ^e eqiiinoctia!, of the equinoctial colure, and of the solstitijil oolurO; 
will be the co-ordinate planes xy,xz, and z y respectively. 
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Denote by V„ V^, and V, the componeEt velocities of the planet in the 
directioE of the axes, aud by c', c", iind c'" the projections of c on the co- 
ordinate planes xy,sy, and z sc respectively ; then, Analytical Mechanics 
% 184, eijnations (249), will 

yr,— zV, = % c", [ (108) 

C-' ^ c" Ar c''^ -\r c"" (lOU) 

§ 344. Denote the inclination of the orbit to tlie plane of the equinoc- 
tinl by t, then will 

§ 345. Ak), 
•ml, \i.pendix vin 



§ 34t) Let 5 be the sun, 
P the pHcc of the plinet, R 
thit of the pcrdicl n B the 
vernal equinox .C the 
solatice 1 thp noith celestial 
pole ^.ff the eohitf. BP'If 
the intersection of the pl^ne of 
the planets oibit with the ce- 
lest al spheie JT the hehocen- 
iiic plaoe of 1 
nole N CD the equinoctial, 
APP -wiXABR quad- 
rants of great circles of the ce- 
lestial sphere. Make 

X = .B P"'= the planet's 
heliocentric right ^- 

5 = A P' — the planet's heliocentric north polar distance. 
1) = N'P"'= distance in heliocentric right ascension fiom the node. 
i T= B N' = heliocentric right ascension of ascending node. 
(jj = N'P' = distance of the planet from the node. 
>.' — N'li" = distance of perihelion in right ascension from tlie aisc. node. 
^= £ P" = heliocentric right ascension of the peiihehoii. 
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tan X — ^ 

UTiP"S£=t3.nI"0P"' =cot P'C^: 



(113) 



and in the triangle A P' O, tlie 
side J! C being 90°, 



cot S = cos.X ■ 



(114) 



Again, in the triangle P'P"'i^", 
right-angled at P"\ 

sin ^^ cot 5 -cot I (115) 
s=\-'l (116) 
tanif ^secj-taii(>.— s) (117) 
In the triangle Ifli'E", right- 
angled at R", 

tanX'=cos*.tan(?+!') (118) 
in which v is the true anomaly 
f'SR'; and he nee 

OT = X' + £ (119) 
§ 347. It thus appears that as soon as a^, y, ; 
found, all the elements become known ; and the 
arranged in the order of sequence, will stand 




K, Fj and V, are 
preceding formulas. 



r'=i^'' + y^ + ^'; 
2c" r=yV,-zV^; 



' 2c L- 



■ y,- 



-l); E,. (99). 
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(8) ■. = !lPjti}?i>,E,.(96). 

(9) }, = all-e). 

(10) » = ^- 



(11) eo3. = ;, ^ ;Eq. (105). 

(12) ( = ^^^^!!i^; Eq. (106). 

(13) »..■ = !'. 

(14) tan X = i^- 

(M) «S = co,>,.f. 

(16) sin fl ^: cot 5 . cot i. 

(17) £ = X - ^. 

(18) faiiip =: scci.tan(X— e). 

(19) tan 7,'= cos I. tan (cp+v). 

(20) ^ = X'+^. 

For the metliod of finding », y, s, F,, F,, F„ see Appendix IX. 

I 848. The sign of c' in Eq. (110) determines tlie inclination to be 
acute or obtuse, and also the direction of the motion, the latter being 
direct when c' is positive, and retrograde when negative. The planet 
will be receding from or approaching the equinoctial according as e and 
F, have the same or opposite signs, and it will be north or south of the 
equinoctial according as z is positive or negative. The signs of a; and 
y will show ill which quadrant the planet is projected on the plane of 
the equinoctial. See Appendix I. 

I 349. The position of the orbit is given in reference to the equinoc- 
tial; to obtain it in reference to the ecliptic is a mere operation of 
spherical trigonometry too obvious to require esplanation. 
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§ 350. The disturbing action of the planets upon one another causes the 
nodes, inclinations, eccentridties, and pei'ilielions to vary. The mean rate 
of changein each case is found by dividing the whole change, as ascer- 
tained at epochs widely separated, by the interval. 

§351. The periodic time in mean solar days is found by multiplying 
the tabular periodic time, which is expressed in that of the earth as unity, 
ty 365.24; and the mean dista,nee in miles will be given by the prodnot 
of the tabular distance into 95,000,000. 

§ 362. Dimensions and Cfeocenti'ie Distances. — Denote by X, F", and Z 
tJie co-ordinates of the earth ; by x, y, and z, those of a planet, I'eferred to 
the centre of the sun ; and by D the distance of the planet from the eai-th. 
Then 



D = ^/{X-i^f + {Y^'yf + {Z-^f .... (120) 

g 363. The horizontal parallas of any body is the apparent aemi-diame- 
fflr of the earth as seen from the body. Let fl:" be the horizontal parallax 
of the sun, P' that of the planet, and r the radius vector of the earth ; 
then, as the apparent semi-diameter of the earth is inversely propoi'tional 
to the distance from which it ia viewed, will 

1 1 



xnd this in Ec|. (2<J) gives 



■ (121) 
• (122) 



in which s is the planet's apparent semi-diameter measured with the mi- 
crometer, d its real semi-diameter, and p the earth's eqintoi 1 rad ^x' , 
whence the diameter, surface, and volume of the planet become known, 

§ 354. Mekcuht and Venue are called inferior planets bem^f lower 
or nearer to the sun than the e^ai'th; the othei's are called superior 
planets, because they are higher or more distant from the sun than the 

§ 355. "When the geocentric longitude of a body is the same as that of 
the sun, the body is said to be in conjunction ; when its longitude diffefs 
by 180°, in opposition. The superior planets may be in opposition, but 
the inferior planets never, 

I 850. A body in conjuuction or ojiposition is also said to be in sysijyj. 
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§ 357. When an inferior planet, is in petigean syzygy, it is 
be ia inferior conjunction; when in apogean syzjgy, in sv.pei 
junction. 

§ 358, Synodic revolution. — The interval 
of time between two consecutive returns of a 
planet to apogean or perigean eyzygy is 
called its synodic revohilion. 

Denote hy m the heliocentric mean daily 
motion of the earth in longitude ; by n, that 
of any planet; and by 2", the lenglli of ita 
synodic revolution; then will in -^ »i fee the 
relative jnotion ia longitude of flte earth and 

y=-^ . . .(123) 

§ 359. Geocentric Motion, in Jxnigilude. — 
The angle at the earth, subtended by a body's 
linear distance from the sun, is called the 
body's elongation ; the projection of a body's 
centre on tiie plane of the ecliptic, is called 
Ithe reduced place ; and tie projection of its 
radius vector, is called the curtate distance. 

Thus, let .¥ be the snn, P a planel, H the 
earth, and PJV a perpendicular from the 
planet to the plane of the ecliptic, intersecting 
Uie latter in JV; then will 3£P be the 
elongation, N the reduced place, and S JV 
the curtate distance of the planet 

I 360. Draw S F and _£■ F to the vei'nal 
equinox ; they will be sensibly parallel. Also 
drawiViVO and -&'-&', perpendicnlat to E V 
and S V, and make 

a =^ S N^=^ mean curtate distance ; 

j = SN— earth's distance from the reduced place ; 

I =: V S N = planet's heliocentric longitude; 
n == hourly cbange in the same ; 

Z ~ V S E = earth's heliocentric longitude ; 
X ^^ V EN' = planet's geocentric longitude ; 
m T= hourly change in tte same. 



'X'ith 



-%■' 

^"""^"'"" 



'9: 
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Then, the mean distance of the earth from the sun heing unity, will, 
Appendix X., 

m^i>'K + a^-(« + J).ccs(£-0].«- ■ -(124) 



a cos I ~ cos i 
and which will make known the rate and direction of the body's motion 
in geooentiic longitude. 

§ 361. Direct and Retrograde Motion ; Stalions.~Wh<3v the planet is 
in apogean syzygy, then will L — 1-= 180°, cos {i — i) — — 1 ; and, 
Eq. (124), 

™ = P\«.(« + l)(l+«=).« (12o) 

and m will always he positive ; that is, the geocentric motion of the planet 
will he direct. 

§ 362. When the planet is in perigean syzygy, then will L — i = ; 
cos (£ - i) = I ; and, Eq. (124), 

m = _P».ffi(a-l)(l-a^).n (126) 

and m will always he negative, whether a ho greater or leas than unity ; 
that is, the geocentric motion of the planet will be retrograde. 

§ 363. In changing from direct to retrograde, and the converse, the 
body must appear stationary. This will make m = 0, and, Eq. (124), 

a + a^ 1 
COS (£ ~ ;) = — ^- == -^ J ~ (127) 

a quantity which ia always leM than unity, whether a be gi'eater or less 
than unity ; that is, all the planete must sometimes appear stationary. 
The condition expressed by Eq. (137), may always be satisfied for two val- 
ues (AL — l. The two places of a body, in which it appears stationary, 
are called stations, 

§ 364. Let tlie value of .£ — I for one of the stations be 9; then, Eq. 
il'U). 

= P"[«' + J^(o + o-i)eo.»].»; 
and subtracting from Eq. (124), 

m = P'.(. + a*)[<.«?-co.(i-i)].«. . . (128) 
in which, as long as (p is less than 90", and L —I greater than ip and les? 
than 360° — $, m. will be positive and the motion direct. 
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§ 365. Denote by »' the earth's mean 
motion in longitude; then will n ~ m' be 
the mean relative heliocentiic motion of 
the earth and planet; and denoting by t^ 
and t^ the durations of the retrograde and 
direct motJonSj we have 



360" — 2(p 



(130) 




and the duration of the direct motion -will be Iho longer. 

It thus appears that in the course of one synodic revolution the planets 
appear sometimes to be stationary, then to move fontard or in the oKler 
of the signs, tlien to be stationary again, and finally to move backwards. 

§ 366. Pliases of the Flanets. — A body illumined by the sun, and 
shifting its place in reference to the sun and earth, presents to the latter 
different appearances at different tim.es. These appearances are called 

g 367. To find the phase ^ >*- '* 

of a globular body, let iS be "'^ 

the place of the sun's centre, "^ 

E that of the eaith, and P 
that of the body; A DOB 
& section of the body by a 
plane lirongh H, P, and S ; 
a plane thvongh P and per- 
pendicular to P JS will cut , ^■' 
from the body's surfiice the ' ^^ 
section AMGN, which dc- ■-'''^ 
termines the Lemisphere 

turned towafda the eaith; and another through P, and peipendicular to 
Si", will give the section MDNB, which defpimines the jllummafi d 
hemisphere turned towards the sun. The illuminifpd lowei surtac^ 
MGNBM will 1m visible to the eaith, and its projection on tho pi ine 
uiJf CJVwill ^ve the shape and magnitude of the phase. The piojetfioii 
of the semicHcle MBNM^iVi be a semi-elhpse MB NM, oi which the 
tTftnsveise BMS le equil to the diametei of the body, its conjugate will 
vary witli the ingle which the jiojccted pline mikes with that of pr<^ee- 
tion Ihe I'-isa will theietoio hivo t 1 Its buunl n i micircle on the 
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/ 



side towards the sun and a 
semi elbpue on flie other, 
these being united at the 
cxtremitie'" i-i a common 
diametei When the pha«e 
IS concave on the elhptital 
sidp, it IS cdled creMtnt , 
when com ex,^j66ou» , when 
stiaight, (^ic/iO(omu«s J and 
tthen the ellipse befomes a / , 
Kumicircle, fall Mak<' ' 

d = distance EP; 

a = apparent area o£ the s 



/-" 



■do MCNMa.t distance m 
distance d ; 

" " semi-ellipse JfJS'jy^JT " 
angle BP B' = SPE', the exterior angle of elongatioi 



Then 
but 
whence 



eraely as the first, and the 
of thy disk as the second power of the distance ; whence 



The apparent diameter of the body 
apparent 



whieli sulistiluted above gives 

, = |(I-co,.) = i.v.,.m. .... (1,,1) 

§ 368. The orbits of the principal planets have but slight inclinations 
to the ecliptic. At inferior conjunction of the infeiior planets, the exterior 
angle of elongation will therefore approach to 0°, and tbe distance will be 
the least; at superior conjunction tlie esterior angle will be 180°, and the 
distance the greatest. In the first position the planet vill be invisible, in 
the second fall, and between these limits the phase will pass through crdS- 
cent, dichotomons, and gibbons, with a continuallj decreasing diameter. 
From superior to inferior conjunction the same phases occur, hut in the 

In the case of the superior planets, the csteiioi' angle of elongation ap- 



-dbyGoogle 



PLANETS, 95 

proach^ to 180° both at conjunction and oppi»itioii, and it never can be 
as small as 90?. The phases of tliese bodies must, flierefore, always be 
eitber gibbous or full ; largest in opposition, and smallest in conjunction. 
If S be tlie place of tlie sun ; £1 that of the eaitii ; V„ V^, &a., the 

Fig. 7B. 




pb 



1 inferior, and M„ M^, &c., those of a supevior planet, then will 
these latter bodies exhibit the appearances represented in the iigui'e. 

§ 369. Tramits, OccuUations, and Transit Limits. — A body which in- 
terposes itself between the earth and some other body, so as to conceal any 
portion of the latter fi-om view, is said to make a transit ; the masked 
body is said to be occulted, and the phenomenon is called a transit or an 
occultation, according as we refer to the masldng or masked body. 

§ S70. The nodal lines of all the planets lying in the pJane of the eclip- 
tic, are ci'ossed twice a year by the eartb. If at (he time of crossing the 
nodal line of an inferior planet, the latter be in or near inferior conjunction, 
there will be a ti'ansit, and the planet will appear as a dark circle on the 
solar disk. 

§ 371. To find Ike greatest elmtyation consistent with, a Transit.— 
Conceive a conical surface tangent to tlio sun and earth. When tbe planet 
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at inferior conjunction pass^ wholly or 
part within this surface, thei's will he 
transit visihle from some place 



Let S he the sun, JS the earth, and P 
the planet just touching the conical siiv- 
&oe, of which AB sad A' £' are seclJons, by a pL 
of the three bodies. Malce 




3 through the centres 



SUA = J = sun's apparent semi-diameter; 
T EP r= d = planet's appaient semi-diimeter ; 
SAB=zit =^ sun's hoiiaontal paiajlax; 
E TB = ff' = .planet's honzontal paiallax ; 
S EP = s = planet's elongation at the beginning of the ti'ansit ; 
II will 



but 
whence 



5 + d + AET, 



-S^-rf + w 



.... (132) 

that is, wheu tlia elongation of an inferior placet is less than tlio sura of 
the apparent semi-diameter of the sun and planet, augmented by the diffei- 
enoe of their horizontal parallaxes, there will be a transit or an occultation 
of the planet, according as its horizontal parallax is greater or less than 
that of the sun. 

§ 372. Let EE' be 
an arc of the ecliptic, 
0' an arc of the plan- 
et's orbit, and N the 
node. Parallel to 0', 
and at a distance fioiii 
it equal to s, draw on 
«ther side a line cutting the ecliptic in S. 

Now, if at the time of inferior conjunction the difference between the 
geocentric longitudes of the sun and node he less than 5iF, there must be 
a transit ; if greatei-, there can be none. The distance Sif is called a 
transit limit. 

To find its value, malte 

SIfP = i = inclination of the placet's orbit ; 
JVS = Z = transit limit ; 
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then, in the rigtt-angled tiiangle Si'TV, 

ein; = ^^ (13;?) 

The Talue of s is variable, being a funetion of the radii vectors of the 
earth and planet at iaferior conjunction. The inehnation i is also slighUy 
variable. The greatest value of i and least value of s make I a 
limit ; the least value of i and greatest value of « make I a 

§ 373. The earth returns sensibly to the same place of the heavens at 
intervals of a sidereal year. Any entfre number of sidereal years which 
will contain the synodic revolution of a planet a whole number of times, 
will bring the earth and planet to the same places they simultaneously oc- 
cupied before, and if a ti'acsit occur at one node, it will occur at the saint- 
node again at the expiration of this interval, provided the node be not 
carried by its proper motion beyond the tranat limit 

§ 374. The bodies having returned to the places they previously occu- 
pied, wil! each have performed a whole number of entire revolutions, and 
making 

n = the number of the earth's revolutions ; 
n' = " " planet's " 

P = the leiiglli of the earth's sidereal year ; 
F' =. " " planet's " " 

we shall have 

nP = n'P' 



If P and P' be whole numbers, and the second member be reduced to its 
simplest terms, the numei'ator will be the interval in sidereal years between 
the consecutive transits at the same node, and this interval will be constarit. 

But if P and P' be not whole numbers, then will the numerators of the 
approximafing fractions of the continued fiaction, which give the values of 
the second member within the transit limits, be the vaiiable intervals, in 
sidereal years, between the tjansits at the same node. 

I 375. Masses ami BensiHes of the Plomts. — The masses of such of the 
planets as have satellites may easily be found by the process of § 313, as 
soon as the periodic time of the planet and that of its satellite are deter- 
mined by observation. But for such as have no satellites, reconrse is had 
t process, which can be here indicated only in outline. A 
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planet imdisturted bj the aytion of the othen, would describe accurately 
Its ellipliLal oibit about the common centie of iceitia due to its o\vn nnsa 
and that oi the ^un , and ftom the elhptioal elements alreadj descnbed. 
Its tatuic places are, as we shall see, pieiicted w:lh the gieatest pieciiion 
The d:fieicnce between these pi ices and those aotuillj observed, give tiie 
eSacte of the diatuibiDg action ol the othei pl^netb To compute thesu 
effects, wbit lie called peitmbating Junrhons are constructed upon ihe 
piiaeipl 1 of 1 til .(iic= The masses of the ptin ibatin^' ji diitmbmg 
bodice tiuw Hi c tu ictiona, and from the obsti^pd araoucE of pertuib- 
ations tlie value of the masses are computed. An. Mec, § 203, 

§ 376. Tbc masses and volumes being knowo, fbe densities result fixim 
the process off 314. 

§ SV?. Rotary motions. — All the planets whose surfaces exhibit through 
the telescope distinct marks, are found to have a rotary motion in the same 
direction as those of the sun and earth, viz., fix)m west to east. 

§ S78. Planetary Atmosphere.-~-Thc existence of an atmosphere about 
a planet is indicated by the apparent displacement it ocea^ons in the geo- 
centric place of a star by refracting its light, when, by the motion of the 
earth and planet, the latter comes near the line of the star and observer. 

The atmosphere about a planet ia in fact a vast spherical lens, of nhioh 
the central part is deprived of its transparency by the opaque materials of 
the planet, but of which the outer portion is free from obstruction and acta 
upon the light which passes through it with an energy due to its refractive 
power and denaty. 

The height of the atmosphere is inferred irom the greater or less angular 
distance between the star and planet when the displacement begins ; and 
the densifc)', which must be regulated by the same laws that govern the 
eqnilibnxim of heavy elastic fluids upon the earth, fix)m the amount of dis- 
placement. 

I 3Y!(. In detailing the phy^cal pecnUarities of the j)laiiels, their mean 
distance.; r.iid times of sidereal revolutions, altbongh contained in the sy- 
noptical table of elements, will be repeated ; and in all cases in which di- 
mensions or measures are given, they must be undei'stood as expressed in 
the conesponding elements of the eaith as unity. Thus, if it be the me.an 
disfance, density, volume, solar beat and light, sidereal day, Ac., those of 
the earth ai'e the respective units. 
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f. 3K0. Proceeding oi'twards from tlie sun, Mercury is tlie first known 
pknei. His mean distance is 0.3870985 ; sidereal year, 0.2408 ; tiue Oi- 
ameter, 0,398; volume, 0,0C3; mass, 0.176; density, 2.78,-gi'eater than 
that of gold; intensity of ita attraction for a nnit of mass on ita surface, 
Ciilled surfaee gravitatwn, 1,15 ; solar heat and light, 6.68 ; time of rota- 
tion apoii ifs axis, called sidereal day, 1 .20833. 

The eccentricity of Lisorbit being large, his gi'eatesl elongation vaiies 
from 16° 12' to 28° 48'. The latter being his greatest appai'ent distaiio« 
from tlie sun, he is generally lost to us in the light of that body, and it is 
difficult, therefore, to observe liim. His arc of retrogradation vaiies fiTsm 
9° 22' to 15° 44'. 

§ 381. When to the west of the sun he rises before, and when to tie 
east he sets after that luminaiy. lu the former position he is called a 
morning, and in the latter an evening star. 

§ 382. The sun appeal's neaily seven times as large to the inhabitants 
of Mercury as to us ; and on the supposition that the intensity of solar 
light and heat varies invei-sely as tlie square of the distance, the solar il- 
lumination and temperature on Mercmy would be 0.6S times that on the 
eai'tli,as above. Heat and cold are, however, but relative terms, depending 
upon physical conditions as well as distance, and the Mereurian surface 
may be as cold as the earth's : the G.-osty summits of the Himalayas are 
nearer to the snn than the scorching plains of Hindostan. 

§ 383. Tlie changes of seasons on Mercury, depending, as they do, 
upon the inclination of his axis to that of his orbit, which has not been 
well determined, are not accurately known. If, as there are reasons to 
believe, this inclination have any coniuderable value, the mutations of Mer- 
cury's seasons must be very great; his tropical year being only about one- 
fourth that of the earth, his seasons, if they follow the same proportion, 
can only be of some two or three weeks' duration. 

I 384. Mercury's nodes are, and nill for ages continue, in that part of 
the ecliptic which the earth passes in May and November, and his transits 
over tlie sun must occur in those months. His periodic time — 87''.97, 
and that of the earth = 365''.256, in Eq. (134), give tlie approximating 
fractions, 

_7_^ 1£. 1!_. *, 
29' 54' 137' 

So that the intervals between the transits which may bo expected at the 
same node are seven, IhirUicn, ikc, years. The great inclination of Mercu- 
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fy'a orbit makes Iiia transit limits, Eq. (133), small, and the aboTd infeiTat 
will not therefore always be those which separate the actual recurrence ♦ 
the transits. The last transit occurred at the a.scending node in 1848 
the iiest will occur in 1861. 



§ 385. Tenus follows Mercury in the order from the centre. Her mean 
distance ia 0.7253317 ; sidereal year, 0,.6152 ; true diameter, 0.975 ; vol- 
ume, 0.927 ; ma^ 0.8S5 ; density, 0.95 ; amface gravitation, 0.93 ; solar 
heat and light, 1.91 ; sidei'eal day, 0.97315. 

§ 386. Veaus is the brightest of the planets, her hght being of a bril- 
liant white, and at iimes so intense as to cause a shadow. The elongations 
of her stations vaiy but little from 29°. Her phases are finely exhibif«d 
through the telescope. The southern horn of her crescent varies its shape, 
being alternately sharp and blunt, and the changes are attributed to the 
periodical intetposition of high mountains by an axial rotation of Venus 
BO as to intercept the solar light she at other times reflects to the earth 
from her southern surface. From these changes her sidereal day baa been 



§ 387. Her axis is inclined to that of her ecliptic under an angle of 
76°, thus placing her tropics at the distance of 15° from her poles, and 
her polar circles at the same distance frorn her equator. Her seasons auc- 
ceed each other, therefore, very rapidly, there being two summers and two 
winters in each of her annual revolutions. Her atmosphere resembles in 
extent and density that of the eaith. 

§ 388. Her aynodical revolution is 583.92 days. Venus is, therefore, 
about 292 days coctiauoualy to the east, and as long to the west of the aun. 
In the former position she sets after the sun, and ia called an evening atar; 
in the latter, she rises before the sun, and is called a morning stai'. Her 
greatest elongation ia about 45°, and she b brightest when on her way 
from tlie east to the west of the sun, and at an elongation on either side of 
about 40°. 

I 389. The hne of Venus'a nodes liea in that part of the ecliptic thi'ough 
■ which the eai'th paases in June and December, and her transits occur in 
those montlis. The peiiodic time of Venus =; 224''.7, and that of the 
aartb = 365''.256, which, in Eq. (134), give the approximating fractiou-s, 

8 235 713 , 
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and the tranBits st the same node may be expected at inten-nla of eight, 
two hundred and ihirty-five, &o., years. Two ti'aiisits, sepai'ated by aa 
intei-val of eight years, ■will occur at one node, and then at the opposite 
node after an interval of one hundred and five, or one hundred and twenty- 
two yeaiB, between the last of the first pair and first of the second pair. 

As astj'onomical phenomena the transits of Venus are of tlie highest im 
portanee. They afford the best means of ascertaining the sun's horizontal 
parallax, and therefore the eaith's distance from the sun, and the dimen^ 
sions of the solar system, expressed, in teiins of some known terrestiial 



§ 390, The principle on which the sun's horizontal parallax is found 
from a transit of Venus may be thus illustrated. 

Oonceive two obseneis situ p^^ jg 

ated at the opposite extiemitie'' 
A and B of the earth's diimctei 
which is perpendicular to the 
plaue of the planet a oibit lo 
the observer A, the planet would "" 

appear to transit the sun's disk aloug the chord m n, and to the observei 
B, along the chord p g, being the intei'sections of tlie solai disk by two 
planes through the portion Z* t? of Venus's orbit, descnbed during the 
transit, and each observer. A third plane through the obseiier-. and Ve- 
nus's centre would cut from the other two the lines A a and £b, and from 
the sun's disk the perpendicular distance a b between the chords, Sovi, 
because tlie angle A VB is equal to the angle a Fi, ,d £ will be to a J as 
Venus's distance from the eartli is to her distance from the sun ; that ia 
§ 385, as 1—0,723 ; 0.123, or as 1 to 2.61 nearly ; and the radius of 
the earth, half of -4 JS is to a 6, as 1 to 5.22 nearly. The apparent mag 
nitudes of two objects, viewed at the sam 
portional to the true magnitudes, the I'a- 
dius of the eaith viewed'^t the distance 
of the sun, in other words, the sun's hori- 
zontal parallax, is equal to the angular 
distance between the chords divided by 
5.22. 

§ 391. The relative geocentric motion 
of the sun and planet into the observed 
duratjons of the transit at the two stations 
will g^ve the chords m, n and p q. The 
chords being known, as also the apparent 



distance, being directly pro- 
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semi-diametei's Sq and Sn, the distances Sa aad Sh become known, 
and Lkerefore theii' difference ab. 

§ 392. The general result of all the obaervations made on tlie transit 
of 17C9 gives 8".5776 for the sun's horizontal paiallax. The next two 
transits of Venus mil occur on Dec. 8th, 1874, and Dee. 6th, 1882. 



g 393, Mara ia the fii^t of the superior planets Hia mean distance is 
1.5237; siieed )eii 18807 tiue damttor 0517 \olune IbSti 
density, 35 eqiatonal gixvitation 493 solar he it anl 1 ^ht 4 
sidereal day 1 02GJ4 ubUtene^s, ibout -^^ and tht, m hnat Dn of his 
axis to that of his ecliptic 30° 18 10 8 

g 394 Ho haa d dent,c atnospheie of modaate heght Hs sufi e 
(Plate I. lig 2) exhibits through the tclcscne outlines of what aia 
deemed to be continents and ^as, the tormer being distmgu shpd by a 
ruddy coloi wl ich la tliaiaotei tie of this planet, an! indicates an ochry 
tinge in the soil cont asted with which the seas appeal of a gieeniah Im 

These mailings aie not alwajs e jually distinct and the vanatiou is 
attributed to tht, formation ot clouds and mists lu the |linct3 atm phe c 
Biilliaut white spots sometimes appear at that pole which ia jiLst emerging 
fiom the long night of its polar winter, and are attiibuted to extensive 
snow-fields that push their bordei's to an average distance of some sis de- 
grees fi'om either pole. 

PLANETOIDS. 

I S95. Next to Mars come the class of small planets, which, on account 
of their comparatively diminutive size, are called plaiietoids. Little is 
known of them beyond their orbit elements, but they are interesting on 
account of their history and the speculations connected with their discov- 
ery, which began with the present centuiy. 

§ 396. If the mean distance of Mercuiy be taken from the mean dis- 
tancBs of the other planets, the remaindei's will form a series of numbers 
doubling upon each other in proceeding outward from the sun. To this 
law there was a remarkable exception in the distance between the orbits 
of Mercury and Jupiter as compared with that between Mercury and Mara, 
the former being so large aa to isjquire the intei'polation of another body 
bsEween Mars and Jupiter. 

§ 397. Although the law is strictly empirical and wholly inexplicable 
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a priori upon any known physical hypothesis, yet the coincidence was so 
remaikable as to induce the prediction that by proper search a planet 
would be found in the intei'polated place. 

§ 398. This body was only to be I'eoogaized by its proper motion. Tt 
detect tliia, an examination of ihe telescoiuc stara of the Zodiac was com- 
menced, their places were carefully mapped, and on the first day of the 
present century, the prediction was vei-ified by the addition of Oeres to the 
^■stem. Her mean distan(;e is 2.76692, anil tlie hiatus was filled. 

§ 399. But tiie diswiveiy of Ceres was soon followed by that of Palliis, 
at the mean distance of 2.7728 — nearly the same as that of Ceres — and 
the law was again broken. 

§ 400. The points in which the palhs of the new planets are intersected, 
an either side of the sun, by the line coannon to the planes of both orbits, 
are not very far apart, and it was suggested that Ceivis and Pallas were 
but fragments of a larger planet that ouce revolved at an average distance, 
and whicli had been broken to pieces by some disruptive force. But where 
were tbe otlier ffagmenls? 

§ 401. A number of 4)odies projected in difierent directions from a com- 
mon point, would each describe abont the sun an hyperbola, a parabola, or 
fta ellipse, depending upon tie relations between the velocity of pTOJeotion 
and the intensity of tbe sun's attraction upon the unit of mass, and in the 
case of elliptical orbits, the bodies would, abating the effects of the pertnv- 
bating action of tlie other planets, return at fixed intervals to the place of 
departura. 

I 402. Tiie opposite points of the heavens, in which the orbits of Ceres 
and Pallas approached most nearly each other, were therefore regarded as 
the common haunts of the suspected fragments, and the places especially 
to be watched, to detect theu- existence. A constant scrutiny of these 
points, and diligent revision of the maps of the zodiac, have resulted in the 
discovery, to the present time, of 71 of these little bodies. 

§ 403. The mean distances of the planetoids vary about frara 2.2 to 3.C, 
and periodic times about fi'om 3.3 to 6.9. Their small size makes it diffi- 
cult to determine their true dimensions, tke diaraetj: of tiia same individ- 
ual, as given by fi.e best aulhorities, vaiyiug from 0.02 to 0.20. They 
exhibit cousiderable vai'iety of color ; some have shown signs of possessiut; 
atmospheres, and those who regard them as debiis of a single body, find 
e\-idence of an angular or fragmental figure in sudden changes of illumina- 
tion, >vhich have been observed, and which are attributed to the shifting 
of their bounding planes by a diurnal or asiid rotation. 
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§ 404. Jupiter is tlie largest, and exoept Venus, which he Bometimes 
aurpafises in this respect, the biightest of the planets. His mean distance 
is 5.202 ; sidereal year, 11.86 ; diameter, 11,2 ; volume, 1280.9 ; mass, 
331.57 ; density, 0.24 — but little greater than that of water ; equatorial 
gravitation, 2.716 ; solar heat and light, 0.037 ; sidereal day, 0.41376 ; 
otj!at«nesa, -j^; inclination of axis to that of his ecliptic, 3° 5' 30". 

§ 405. The disk of Jupiter is always crossed, in a direction parallel to 
his equator, by dark bands or helts, presenting the appearance indicated in 
Plate I., fig. 3, which was taken by Sir John Herschel. These belts are 
not always the same, but vary in breadth and Mtuation, though never in 
direofion. They have sometimes been seen brolreii up and distributed over 
ihe whole face of the planet. From their parallelism to Jupiter's equator, 
tieir occasional variation and the appearance of spots upon them, it is in- 
ferred that they exist in the planet's atmosphere, and are composed of 
estenave tracts of clouds, formed by his ti'ade-winds, which, from the gi'eat 
size of Jupiter, and the vapidity of his axial I'otaiion, we much more de- 
cided and regular than those of the eai'tii. 

§ 406. The great oblateness of this planet is due to the shortness of his 
sidereal day, and its amount agraes with that assigned by theory -to give 
him a figui'e of fluid equilibiiuin. 

§ 407. From the small inclination of his axis to that of bb ecliptic, there 
cau be but htfle vaiiation in the length of his days and nights, each of 
which is less than five of our boura; and clianges of seasons must be 
almost, if not quite mikaown to bis inhabitants. 

§ 408. Jupiter is attended in bis circuit about the sun by yoM?" satellites 
or moons, wMeb revolve about Mm from west to east, and present a. min- 
iature system analogous to that of wluch Jupiter himself is but a single in- 
dividual, thus affording a most stiiking illustration of the efiects of gravi- 
tation and of distance in grouping, as well as shaping the courses of the 
heavenly bodies. These satellites will be noticed under the head of See- 
oiidary Planets. 



§ 409. Saturn is the next in order of size as be is of distance to Ju- 
piter. His mean distance is 9.538850 ; sidereal year, 29.46 ; true diam- 
eter, 9.982 ; volume, 995.00; mas-s, 101.068 ; density, 0.102— little more 
than half that of water; equatorial gravitation, 1.014; solar heat and 
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light, O.OII ; sidereal day, 0.43701 ; oblatcDess, -^ ; inclination of axis 
to that of orbit, 26' 49', and to that of our ecliptic, 28° 11'. 

§ 410. Saturn is the most curious and interesting hody of the system, 
being attended by eight satellites or moons, and siiwounded (Plate II., Fig. 
4), according to some authorities by two, and others by four, broad flat and 
extremely thin rings, concentric with each other and with the planet, 

§ 411. The diinensiona of the lings and phmet, and the intervals aa 
given ty tLs, adi atcs of but two rings, are, 

Extenoi diameter of exterior ring . , , . 40.095 = 176,418 

Inteiior " " " . . . . 35.289=155,273 

Exfenoi diameter of interior ring .... 34.475 = 151,690 

Inteiior " » " . . . . 26.668 - 117,339 

EqnatoiT^l diameter of planet 17.991 = 79,160 

Interval between the planet and interior ring 4.339 =; 19,000 

Interval tie tween the rings 0,408= 1,791 

Thickness of ring not exceeding 230 

§ 412. The evidence of recent obseiTations with veiy powerful instm 
ments seems, however, in fevor of a division of the outer ring, as just given, 
at a distantie less than half its width from the exterior edge, and of the 
existence of a dusky ling still nearer tlie body of the planet, and composed 
of maleiials partially transparent^ and possessing but feeble powers of re- 
flection, resembling in these particulars a sheet of water. And there seem 
good reasons for believing that the rings are not precisely in the same 
plane. 

The disk of the planet is crossed by parallel belts, similar to those of 
Jupiter ; these are supposed to be due to Saturn's trade-winds. From the 
parallelism of the belts to the plane of the rings, it is inferred that the 
planet's axis of rotation is perpendicular to that plane, and this is con- 
firmed by the occarional appearance of extensive dusky spots on his sur- 
face, which, when carefully watched, give the time of his rotation about 
an axis having that direction. 

§ 413. By watching the different shades of illumination on diflerent 
portions of the rings, the latter are found to complete a revolution in 
their own plane once in 10'' 32"' 15', thus making their sidereal day 
0.43906, which exceeds that of the planet itself by 0.00206. 

§ 414. That the rings are opaque and non-luminous is shown by their 
throwing a shadow on the hody of the planet on the side nearest the sun, 
and bv the other side receiving that of the planet as shown in the figure. 
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§ 415. The axes of the planet ind iiugs preserye their directions un- 
chauged during tlieit oibitil motjon The plane of tlie lings, which ia 
bclined to tiiat of the echptio iiudei in ingle of 31° 19', intewects the 
lattei' plane in a line which makes with the hne ot the equinoxes an angle 
equal to IB'?" 31', so that the nodes of the ring lie in longitudes 167° 31' 
and 347° 31'. 

I 416. The orbital motion of the planet caiise-5 thii mteisettion to ofiCil 
late, as it were, parallel (o ifaelf, m the phne of the ethptic, thiough i 
diatanCQ on either side of the aun equal to the ndma yectoi of Saturn's 
orbit; and the period of i staQ.i-<iscilhtion is one-halt of the planet^s pe 
nod, or about 15 yeara Within this penod tlie plane ot the nag must pass 
once thiough the sun, and tiom once tp thnce through the earth, depend- 
ing upon the initial position oi place of the htter when the tra e il the 
plane oa the ecliptit. toiiohes the eaith's oibit it thi> time ci neinuj, 
the sun. 

§ 417. Thus, let 5 be the sun, .ff £ .ff E the eaith's oibii,PP an 
arc of Saturn s oibit piojectel upon tie jUne of the 
ecliptic, i* -ff nnd PL the t aces of tlie jlane of 
the rings on the same and tangenf to the earths 
orbit, and suppose tiii, motion of the eaith tnl of 
Saturn to take pi iw in the direct on in lioife 1 by the 
arrow-heads. Draw ^ B parallel \a P E and P li, , 
and make 

r ■= S P = the Tiiean distance of Sattu'n ; 

r'= SE ^ " " " of earth; 

a ^ P S P' = the angle at the sun subtended by 
P P' : 



-t-— I ^^^-J; 



ePSB=SPE,^ 
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wHch divided by 2' 0",6, the mean motion of Saturn, gives 359.46 days, 
wanting only 6.8 days of a comjikte year ; tliat is to say, tlie earth de- 
Bcribes nearly one entire revolution in the time dui'ing which the earth's 
othit is traveled by the plane of the nng 

§ 418. The rings are invisible wl en then plane piases between the sun 
and eai'tb, their enlightened tire leing th(,n turned from the latter body ; 
and the iDt«rvai of non-appea ance will be that between any two epochs 
at which the plane passes tite sun aa 1 earth and of whict the effect of 
one is to throw these bodits tn u].f o^ite aul the other to restore them to 
the same ade of this plane 

§ 419. If the initial phce of tlit, eaith le tt E" nearly three days ia 
advance of B", then will the plane it "If pass the sun and earth at the 
same time, the earth being At B and these bodies could not be on oppo- 
site sides of the plane of the r ng dm ng it* piesent visit to the earth's 
orbit. If the initial position of the eoith bo at E nearly thi'ee days in 
advance of M, it will be at E wh n the [ lane pas=es the sun ; the rings 
will then disappear, and continue inM lUo till th eaith meets and passes 
theii' advancing plane, whn^h it will do Bomewheit, in the quadi-ant E"B'\ 
they will then I'eappeai-, and continue visible for tlie next £tl:een years. If 
the earth's initial place be at E'", some days in advance of B', it will 
meet and pass the plane in the same quadiant, the rings will disappear and 
continue invisible till their plane is overtaken and passed again by the 
earth somewhere in the quadrant EB" ; when the plane passes tlie sun 
the eaitii will be in the quadrant B"E", and tte rings mil again disap- 
. peal*, and again become visible only when their plane is recrossed by the 
eartli in the quadrant E"B'. Thus, with this initial place, the eaith will 
cross the plane of the rings three times in one year, and tliero will be two 
disappearances. 

I 420. When the plane of the ring passes through the sun, the edge 
of the ling alone is enlightened, and can only appear as a straight line of 
light projecting from opposite sides of the planet in the plane of his equa- 
tor, and parallel to his belts. This phase of the ring has been seen, but it 
requires the most powerful telescopes ; and from the fact of its non-ap- 
pearance in a telescope which would measure a line of light one-twentieth 
of a second in breadth, of which the subtense at Saturn's distance is 230 
miles, it is inferred that the thickness of the ring cannot exceed this latter 



I 421. Wlien the dark side of tlie ring is turned to the earth, the 
planet appears as a bright round disk with its belts, and crossed equato- 
tially by a nanrow and perfectly black line. This can oaly happen when 
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Iho planet ia less than 6° 1' from the node of his rings. Generally the 
northern aide is enlightened when tha heliocentric longitnde of Saturn is 
between 172° 32' and 341° 30', and the aonthem when between 353" 32' 
and 181° 30'. The greatest opening occurs when the heliocentric longi- 
tude of the planet is 77° 31' or 257° 31'. 

UEAKUS. 

§ 432. Uramia is one of the more rccontlj- discovered planets, being 
<iuly recognized as a planet for the first time in 1781, though it had 
often been seen before aad mistaken for a fixed star. 

Of this planet nothing can be seen but a small round uniformly illumi- 
nated disk without rings, belts, or discernible spots. His mean distance is 
19.!S239; adereal year, 84,01; troe diameter, 4.36; Toliime, 82.91; 
mass, 14, 2S ; density, 0.17 ; equatorial gravitalJon, 0.75 ; solar heat and 
light, 0.003. Ho is attended by six satellites, which will bo noticed 



g 423. Neptune is the last known planet in the order of distance, and 
third in size. Its discovery dates only from 1846, though its existence had 
been suspected from certain irregularities in the motion of Uranus, which 
could only be attiibutad to the disturbing action of some body exterior to 
iteelf. 

The departures of Uranus from places assigned by the combined action 
of the known bodies of the system, and certain assumed conditions in re- 
gard to position and shape of orbit, direction of motion, and mean distance, 
rendered highly probable by analogy, were the data from which, by the 
methods of physical astronomy, was wrought out in the closet in Paris, 
the place of a new planet whose disturbing action would account for 
the unexplained waywardness of Uranus. The result was sent to an 
observer in Berlin, and in the evening of the very day of its receipt in 
the latter city, Neptune was added to the known system by actual 
observation. It was found within 52' of the place assigned, and its 
discovery, in all its circumstalices, must ever be regarded as one of the 
greatest triumphs of modern science. 

§ 424. Neptune's mean distance is 30.0367 ; periodic time, 164.6181 ; 
real diameter, 4.5 ; volume, 91.125; masa,'18,219 ; density^ 0.208 ; equa- 
torial gravitation, 0.9035 ; solar heat and light, 0.0011. 

The apparent size of the sun as seen flora the earth, bears to that as seen 
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6om Weptune, about tte relation of an ordinary orange to a common duck- 

§ 425. Neptune has at least one satellite, and certain appearances have 
indicated a second, and also a ring, but of fliese there are yet doubts. 

General Remark. 
g 426. In the foregoing enumeration of the phyacal peculiarities of the 
planets, one is impressed by the great differeDces in their lespeetive sup- 
plies of heat and light from the sun ; in the leKtions which the ineitia of 
matter hears to its weight at their surfaces; and m the nituie of the ma- 
terials of which they are composed, as infeued ftom vmety of mean 
■ density. The intensity of solar radiation is neaily se\eii times greater on 
Mercury than on the earth, and on Neptune 900 timos less, giving a range 
of which the extremes have the ratio of 6300 to 1, The efficacy of weight 
in counteracting muscular effort aud repressing animal activity on the 
earth, is less than half that on Jupiter, more than twice that on Mars, aud 
probably more than twenty times that on the planetoids, making a range 
of which the limits ai"e as 40 to 1. Lastly, the density of Satnm does not 
exceed that of common cork. Wow, under the various combinationa of 
elements so important as these, what an immense diveisity must exist in 
the conditions of animal life, if the planets, like our earth, which teems 
with living beings in every comer, be inhabited I A globe whose surface 
is seven times hotter than ours or 900 times colder, on which a man might 
by a single muscular effort spring fifty feet high, or with difSculty lift his 
foot fi'om the ground ; where his veins would burst from deficiency or col- 
lapse fi'om excess of atmospheric pressure, affords to our ideas an inhospi- 
table abode for animated heiogs. But we should remember that heat and 
cold, light and darkness, strength and weakness, weight and levity, are but 
relative terms ; and to the very conditions which convey to our minds ou!y 
images of gloom and horror, may be adjusted an animal and intellectual 
existence which make them the most perfect displays of wisdom and be- 



SECONDAEY BODIES. 

§ 427. The secondary bodies are those which revolve about the planets, 
and accompany them around the sun. Of these, tmenty are known at the 
pi'esent time. One belongs to the earth, /oih- to Jupiter, eight to Saturn. 
six to Uranus, and one to Neptune. They aie commonly called satellites, 
and sometimes moons, but this latter appellation ,is more particulariy ap- 
plied to the earth's secondary. 
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» found from fora ob- 
for refraction, parallax. 



THE MOON. 

§ 428 The moon revoh es m an el! i tical oibit, of which one of tha 
toiA IS it the eartlis centre Its motion s from west to eisf ind its an 
guhr \elooit\ about the eirth is much gitater than that of the etrth 
aiound the ann The moon appeal" theiefore to move among the fi\ed 
stirs m the aame direction as the sun but more rapidly , and fiom the 
axial motion cE the ei th she his, like otlia he^iiciilj bodies -m appaieut 
diurml motion b) which she uses m the ea. t, passes the meridnn, and 
Sets in Uie west 

§ -i^S Ihe oblatenc^fe cf the eaith w ul 1 be quite appreciable to an ob 
seiver at the distance of the moon. Hci equatoiial hoiizontal paiallas is 
therefore found ft'om Eq. {2i) ; her distance fi'om Eq. (28) ; her true diam- 
eter fiom Eq. (29) ; and her mass fiom her effects in producing preoesMon 
aud nutation. 



Lunar Orbit. 

§ 430. The elements of the moon's orbit . 
Eerred light ascensions and dechnations, 
and semi -diameter. 

LLtJiOhe an arc 'n wh' h 
the plane of the o 1 t cat the 
celest al spl e e VB an aic of 
tlie eol pbo and Fyl oi he 
equ no t al V the e ml eq 
nox JV the i cend ng node P 
the je gee, sn\ M Mi M 
Jf, the geocent ic j la es of the 

F ■st con et the geocentnc 
rigl f tscen. ns ind de 1 ni 
lions nto g o e re long tudes 
and 1 t le n 1 iLe 

V _ > V = lonirif \ of 1 

1= CN B := iiiehnation uf orbit; 

l^=VOt — lon^tude of M, ; 

1,= V0^ ^ " M,; 

X, = J/; Oi = latitude of J/; ; 

\ = M^ Og = '" J/a; 
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then in tlio light-angled triangles jy, I^ 0, and M^ iV" Oj, m; have 

sm (I, - v) = cot ; . (an \ 1 .^^. 

sin (^2 — v) = cot J . tsin Xj f ^ ■* 

imd by division 

sin {li — v) tan X, 

sin (/j — v) tan Xj' 

Adding unity to both members, reducing to common denominator, then 
subtracting each member from unity, reducing as before, and finally divi- 
ding one result by the other, we find 

sin (l^ - v) + sin {I, — v) _ tan X^ + tan X, _ 
sin (?j — v) — sin {^i —'7) ~ tan X^ — tan X, ' 
replacing the members by tbeif equals, wo Iiave 

Also, from fiiat of Eqs. (135), we liave 

cot; = --^^-!^ (137) 

whence v and i are known. 

The longitude of the ascending node, increased by ihe angular dis- 
tance of a body fi-om the same node, is called the Orhit Longitude. 

Make 

V, = VEN + NEM, = oi'bit JoKgitude of M, \ 
p=VEN-\-NEP = " ■' perigee; 

<sf^rEM^ = v^—p = true anomaly of J/", ; 
e ^ eccentricity of orbit ; 

in = mean motion of moon in orbit; 

(i == time since epoch for J/", ; 

L =; meim orbit longitude. 

Then resuming Eq. (48), we have 

i + jjii, = i>, — 2esin {%\ -p) .... (138) 

., = „ + tan-'^-f^ .... (139) 

Four values for the gejccntric longitudes denoted by /„ l^, l^, I,, in Eq. 
(139). give four values foi' v, viz., v^, Vs,Vs, and v,; and tjiese, and the times 
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of observation (], ^, <,, and t,, in Eq, (138), give four equations involving 
the four unknown quantities £, m, e, and p ; wbeoco these become known 
precisely as in | 197, employing lor the purpose Eqs. (r>0), {51}, (53), 
and (54). 

§ 4S1. Denoting the ecliptic longitude VO of the perigee by^,, we 
have, in the tHaugle NP 0, light-augled at 0, 
taaJfO — tiux {p — v). cos i, 

j,, = v + taii-'[tan(^-v).cosi] . . . (140) 

§ 432. In tke same way, denoting tlie mean ei:liplic longitude of the 
moon at the epoch by i|, 

//, =v+taii-'[ten(i-v).cos<] .... (141) 
§ 433. The passage of the moon through one entire circuit of 360° 
around the earth, is allied a ddereal revolution. The inteiyal of time re- 
quired to perform a sidereal revolution is called a sidereal pcnod. Denote 
the sidereal peiiod by s, then will 

360° 

* = -rr (^^2) 



The ei^iiation of the orl>it, the eeiil.i'e of the earth being the pole, is 

l+,003(^>-y)' 

and the value of r being fouad by means of Eq. (28), that of the mean 
distance a will result, and every thing in regard to the moon's path be- 
comes known. 

g 434. At the epoch January 1st, 1801, the elements of the lunar orbit 

Mean a ^ 59.S6435000 of tlie earth's equatoiial radius ; 
" * = 27.321601418 mean solar days; 
" e= 0.054844200; 
" v= 13° 53' l?".*?; 
" Pi = 266° 10'07".5; 
"8^5= 08' 47".9; 
" A = 118° 11' 08".3. 

g 436. The moon's true diameter, Eq. (29), is 0.27280, or about 2153 
miles; volume, 0.0204 i m!^ 0.011399; density, 0.5657; and surfiice 
gravitation, 0.1666. 

g 436. Comparing the lunar elements whicli depend upon the orbit as 
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d at different timesj tiey are all found to vary. The nodes have 
a retrograde and the peiigee a direct motion, the former performing a com- 
plete revolution in 18.6, and the latter in 8.854 years. The inclination 
fluctuates between 4° 57' 32" and 5° 20' 06" ; the mean diataace has a 
secular variation, and it is at the present time diminishing; the same is 
true of the sidereal revolutioii, and the mean motion of the moon is increaa- 
ing. All these changes are due to the disturbing action of the other bod- 
ies of the system, but principally of the sun. The action of the protuberant 
ring of matter about the equator of the earth also has its effect. 



Disturbinff Forces. 

§ 43'7. To illustrate the way in which 
these changes of the lunar orbit are 
brought about, let £ be the earth, 5 the 
sun, M the moon, moving in her oi'bit in 
the direction J/DiP'Jf; iP" and if be- 
ing the nodes, and £ V the direction of 
the vernal equinox. Then, resuming 
equations (80) and (81), making p ;^ 
£M, the radius vector of the moon, and 
employing ia all other respects the nota- 
lioa of § 286, v becomes the change 
which the sun's attraction causes in the 
weight of a unit of the moon's mass duo 
to the earth's attraction, and r the 
change which the sun's attraction causes 
in the force noimal to the radius vector 
and in the plane passing through the sun, 
earth, and moon. Thla latter force being 
in general oblique to the plane of the lu- 
nar orbit, urges the moon out of that 
plane, and causes her to describe a curve 
of double curvature, while the former has 
no such action, 

Eesolve t into two components, one perpendicular to the radius vector 
and in the plane of the orbit, the other normal to this latter plane. For 
this purpose conceive a sphere of which the centre is at that of the earth, 
and radius, the radius vector p = FJM, of the moon. Its smface will be 
cut by the plane of the ecliptic in AN^ BJV,,, by that of the lunar orlut 
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in N, MN,,, and by that of tlie bi 
earth, and moon in A MB. Maie 

=z VE S = aun'a longitude ; 

a = VEN,= long, of moon's node; 

i = MN^A= inclination of lunar or- 
bit; 

X = N^MA = inclination of orbit to 
plane of sun, eaith, 
and moon ; 

It ^:r . cos X = component of t in 
plane of lunar oibit ; 

= If , sin X = component normal to 
plane of orbit. 

In the triangle N', MA, the arc iV^ A 
= {0 — £3) aud^jJf = (p,aud we have / 

, .mi.Bi.(e-a) , 



-■(s- 



and bringing forward Eq. (80), and replacing f by its value i 
there ■will result 




I- (81), 
(U8) 



IS p . Vsitf <p 



m\0 - Q) (144) 






a(0-Q) . 



(145) 



V is called the radial, v the transversal, and o the orthogonal disturbing 
force. These forces acting at right angles are independent of each other, 
jind affect the movementa of the moon in modes perfectly distinct, which 
will become manifest by discnssing the above equations. 

§ 438. The radial force being directed towards or from the earth's centre, 
changes tie simple law of gravitation, and alters the elliptic fonn of the 
orbit, sometimes diminishing and sometimes increasing its eccentiidty, 
and shifting the place of its greatest cuiTature, that is, the portion of tlio 
apmdes. 

§ 439. Tlio transversal force is exerted to acoelcrato or retard the 
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moon's motion in her orbit, and to give rise to fiuctuations to and fro 
about that due to tlie action of tlie eavtli alone, and thus to alter the ellip- 
tic path. 

§ 440, The oitliogonal force deflects the moon from the plane in 
which she would move under the undisturbed action of the earth, and 
enusea her to describe a curve of double curvature. A plane through two 
consecutive elements of such a path must in general be oblique to that 
through two other consecutive elements, and these two planes must in 
general iatei-sect the plane of the ecliptic in different lines ; that is, the 
orthogonal force is effective in producing a motion of the nodes. By dis- 
cussing the value of this force, it will be found that while it causes the 
nodes to move in different directions at different times, on the whole, it 
causes them to retrograde. 

§ 441. Nothing has thus far been said of the variations in these disturb- 
ing forces arising, ail other things being equal, from the change in the 
value of d, or the earth's distance from the sun. This ^vea rise to a still 
further complication by introducing an annual variation in the values of 

§ 442 The othei bodies of the si stem produce effects similar to those 
(f tl e 'inn but much lets in degiee The protuberant ring of matter 
which projt.ots beyond the spheie described upon the earth's polar axis 
has, as ilready lemaike! its effect alio so that the lon^tude of the 
moon, as determined fiom the elements of a ti'ue elliptic motion, must re- 
cen e fli^m 80 to 40 corrections to obtain that of her true place. 

g 443 Ihese ooirections aie called cquitions; theii- forms ate deter- 
mmed by mvestigitions m phy c^l astronomy, and their coefficients are 
comjitel Ir m the obae ed lep tu ^s f the actual from the elliptic 

Librations, 

g 444. The moon revolves unifoi'raly about an axis inclined to that of 
her orbit, under an angle of 6° S8' 58", which is slightly variable ; and 
the time of one revolution is equal to her sidereal period. 

I 445. Were her orbital motion uniform, and her asia perpendicular to 
hor orbit, this eqnahty would cautie the moon always to present the same 
face to the earth. As it is, however, the visible portion of her surface ia 
slightly variable, and in the course of a sidereal period we aee a little more 
than a hemisphere. The changes of orbital motion cause small portdona of 
her surface near her eastern and western borders to enter and depart from 
the field of view in the course of each revolution; and the inclination .of 
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her axis to that of her orbit exposes to us her north or south pole alter- 
nately within the same period. These cucumstanceB giie iiip to appa- 
rent oscillatory motions in the moon itaelf, whiijh -ire called hhraitons ; 
those due to irregularity of orbital motion aru called longitudinal, and 
those which arise from inclination of axis, laliludtnal Itbralions 

§ 446. In addition, slight variations take place m the visible portions 
of tSie moon's surface from changes in the 6hsfr\ ei's point of \ lew, by flie 
earth's rotation. These are called parallactic libralions. 

Lunar Periods. 

§ 447. The moon's equinoctial is inclined to the ecliptic, and its ascend- 
ing node always exactly coincides with the deecending node of her orbit; 
60 that the moon's axis describes a conical surface about the axis of the 
ecliptic once in 18.6 years. 

§ 448. The passage of the moon from conjunction with the sun to 
conjunction again, or from opposition to opposition, is called a synodic 
revolution. Her passage fi^m one lon^tude to the same longitude again, 
a tropkal revolalion ; from perigee to perigee, or from apogee to apogee, 
an anomalislie revolution ; from one node to the same node ag^n, a nodi^ 
cal revolution. The intervals of time required to perform these revolutions 
are called ^enWs. 

§ 449. To find the length of either of Fi& ^■ 

these periods, say the synodic, let .S be 



the sun, E the earth M the moon in con- / 
junction, .£" th pi t tl -tl at the / 
next cODJun tnftlmnth t M^. 1 
Draw -E,Jf 1 11 1 1 -B S" At the sec-, 
ond conjun t n tl m n 11 h e re- \ 


volved thi gl 
creased by the 
= the earth's 
tiaie. Make 


860 b t fl th, in- \ 
angular motion in the same 




m = moon's niean daily motion 
It ^ earth's " " " 
t = synodic period. 


Then 


tn = ESU,, 




and by subtraction. 
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(l«) 

§ 450, Hers w denotes the real acgular motiou of tlia eaiii, wliich is 
equal to the apparent angular motion of the smi. If it be replaced by 
the apparent geoeeuErio motion of the vernsl equinox, that of the apogee, 
or tliat of the node, taking care to give to each its appiopriate sign (plus 
when the motion is direct and negative when retrograde), the correspond- 
ing period will result. The mean daily motion of the vernal equinox ia 
equal to 50".2 divided by 36o'',242-f- ; that of apogee to 360°, divided by 
the number of mean solai' days in 8.854 years ; and that of the node by 
the number of days in 18.6 years. 

The synodic period of moon = 29.53 + mean solar days. 
The anom-distic " " =27.55+ " " 

The tropi. ■\\ " " = 21.32 + " " 

The uodicdl " " = 27.21 + " " 

The synodic period ot the moon is called a lunar month, or lunatim. 



Lunar F liases. 

§ 461. The sun's distance from the earth being 23984, and that of the 
■moon only 59.96 times the earth's radius, the angle at the sun. subtended 
by the semi-transverse aas of the lunar orbit is 0° 08' 36" ■ so that rays 
of light proceeding from the sun to the moon and eaith maj be regarded 
as sensibly parallel ; and the exterior angle of elongitioa S P E\ Fig. 74, 
and Eq. (131), may be asaunied equal to the tiue ehn^ation SEP. 
Also the variation in the moon's distance ia too small to pioduce aenmhle 
change in her apparent diameter to the naked eve, and the change be- 
comes perceptible only when viewed through ineasunng mstiuments. 
The apparent diameter varies fi'om 29' 21".91 to 33' 81".07, that at the 
mean distance being 31' 07", 

§ 452. Eesuming Eq. (131), making d constant, and A equal to the 
moon's elongation, and supposing the sun to the light of the figui'e in the 
direction of .S *S produced, the earth at .ff, and the moon successively in 
tlie positions 1, 2, 3, 4, 5, 6, 7, 8, wo shall find the phases repi^eaenfed in 
tlie figure on next page. 

When in conjunction at 1, i or the elongation is zero, the moon is in- 
visible, ami this phase is called neuj mtxm. When at 2, the elongation 
beir^ 45° east, the moon is said to be in Jirsl octant, and the phase is 
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crescenl. When at 3, the elongadou being 90° east, the mooa is said to 
be in first quarter, and the phase is dicliolomom. When at 4, tlie elon- 
gation being 135° east, the moon is said to be ia second octant, and the 
phase is gibbous. When in opposition at 5, the elongation is 180°, the 
phase is full, and is called full moon. When at 6, the elongation being 
136° west, tho moon is said to he in third octant, and the phase is gibbovs. 
Wlien at 7, the elongation being 90° west, the moon is said to he in the 
third quarter, and the phase is again diclwtomom. When at 8, the elon- 
gation being 45° west, the moon is said to be in fourth octant, and the 
phase is crescent. The interval of time required for the moon to pass 
through all these phases and resume them anew, is one synodic period, or 
lunation. 

I 453. The earth presents to the moon the same phases that the moon 
does to U3 ; the angle of elongation of the earth, as seen from the moon, 
being always the supplement of the elongation of the moon, as seen from 
the earth. 

§ 464. The pale light of the moon, by which its outline is defined in 
conjunction, is due to the light reflected from the earth, then full, falling 
upon the dait side of the moon. 

ECLIPSSS OF TEE SUN AND MOON. 

§ 455. The planets and satellites, being opaqne, non-luminous bodies, 
and receiving their hght from the sun, which is of vastly greater size, east 
conical shadows, of which the surfaces produced must always bo tangent 
to the sun's surface. The axes of the shadows cast by the planets, lie in 
the planes of their respeetive orbits. That of the earth ia in the plane of 
■ the ecliptic ; and if at the time of syzygy the moon be near one of her 
nodes, she will either pass witliin the luminous poition of the conical 
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Q the eartli and sun, or enter the eai'tli's sliadow, according; 
as her phase is nmo at full. 

In the first case, she will mask the whole or part of the sun fiom some 
portions of the earth's surface ; and in the latter, will suffer a loss of the 
light she herself receives fi^om that hody. 

§ 456. The ohscuration of the sun, by the int«ipjsition of the moon 
Detween the sun and earth, is called a solar eclipse. The obscuration of 
the moon, by a loss of solar illumination while within the eaitii'a shadow, 
is called a lunar eclipse. 




} 457. Let ^ be the sun -ff he earth i> F and C F, tangents to the 
sun and earth ; AV,£ will be he earth s shadow Let M be the moon 
just entering the shadow, and Jllf a ght se t on of the Jatter at the 
distance of the mooa. Make 

ir = £C^=sunshoznap x 

S=OES =8unsa2paent ud meer; 
P = EH A = moon's equatorial horiaontal parallax ; 
s = HEM = moon's apparent aemi-diameter ; 
Ji = EA = earth's equatorial radius ; 

then in the triangle E F, 0, 

angle Fi = ff - ■ff ; 
in the triangle ^//F|, 

angloff — 180° — /■; 
and same triangle, 

EV, : EH :: s)r,(180°~P) : 
nOf 






(.-^); 



EV, = EH.^- 



.{,-■.) 



The least value for P is 52' 50" ; the gi'eateat value for tf ~ w is 16' 10" 
whence the leugth of the eailh's shadow is always greater than three time! 
the distance of the moon. 
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§ 4B8. Ag: 



and denoting the a 



igle HE V, by B, ^¥e have 

i? = P + tf - tf . . . 



.... (148) 

The least value for P + if — tf is 36' 41" ; whence the apparent semi- 
diaraeter of the section of the earth's shadow at the moon's distance ia al- 
ways greater than twice that of the moon ; and this must be increased by 
about one-fiftieth of its value for the atmospheric absolution of the solar 
light which passes near the eailii's Rurface, The moon may, therefore, 
enter completely within the earth's shadow. 

§ 459. Denoting the angular distance F, SM between the asis of the 
eaith's shadow and moon's centre, at the beginning or ending of the lunar 
eclipse, by J„ we havo 

^, = ^ + s = P-f ,--a + s . . . . (149) 

§ 460. The conical apace on the oipcsitrf" ^d■ of the earth from the 
Bun, and of which the bounding surf ta t t these bodies, and 

vertex between them, is called the ea 1 y^ ' a Thva, Z £ A L' k 
the earth's penumbra. Its apparent s n b m f i J? F» at the distance 
of the moon, denoted by .ff„ is obt n d f Ej (148) by simply 
changing the sign of ff, these semi d am te f 11 ng, in this case, on 
opposite sides of the axis SU; and h 

E^ = P+ +(f .... (150) 



n ta t ^he touches the pe- 
, 11 he nl«rs the umbra or 



The moon experiences a loss "of light t 
numbra, and this loss continues tu i 
shadow. 

§ 461. Kow, let S be the sun, M t\ b n at n t, .E the centre of 
the eai'th, BA m arc of the earth's surface — enl 1 to avoid confuang 
the figure. The space N V, N' is the moon h d w and B N' N.A her 
penumbra. To all places within the section of the foimer by the earth's 
surface, and of which a 6 is the diiuneter, the sun will bo totally, and ti> 
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all places within the annular space, of wliicli B a and 6 A 
partially obscured, and present in the latter case a crescent pli 

J' := ME — moon's distance ; 
r, ^ S S = sun's distance; 
d = MW^ moon's true semi-diameter ; 
d,^ S = sun's true semi-diameter ; 
x = HV^ = distance of conical vertex from earth's centre. 
Then, in the triangles V^SO and F, MN, nghfrangled at and If, 



sedioDS, 
Make 



and suhstituting the values of r, r„ d, and d„ as given hy equatio- 
and (29), 



^^.6 



■ Pff 



(151) 



§ 463. Tab'ng the values for P, w, o", and s, which give this the greatest 
positive and negative values, it is found that the vertex V, sometimes falls 
short of the earth's centie about 7,6, and at othera extends beyond that 
point about 3.5 times fie earth's radius, 

§ 463. Again, R— x gives the distance of the vertex F|, fiom the sec- 
tion of which a 6 is the diameter. Denoting this latter by y, we have, in 
the tiiangles aV.b and N K, N', 

r-x : R-ii :: 'id : y\' 
_2d . j R-x) 



(152) 

and substituting the values of d, x, and r, from equations (29), (151), and 
(28), we find 

(353) 



s~.{^-i 



« . (P - <) 
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§ 464. As loDg as i? — a; is positive, y, Eq. (152), will be positive, and 
the shadow will reach and cut the eaith. To all places within the boun- 
dary of this iateraection, the sun mil he wholly invisible, and the eclipse 
is said to be tolal. The greatest value for y positive is about I70 miles. 

I 465. When i£ — a; is zero, the vertex of the shadow just comes to 
the earth, and the sun can be totally eelipaed onlj to one place at a time. 

§ 466. When R — a; is negative, the vertex falls short of the eaith, and 
the surface of the lattei' intersects the opposite rmppe of the conical shadoW; 




the value of y is, Eq. (152), negative; it measures tho distance bj which 
the opposite edges of the inner boundaiy of the pennmbra overlap one an- 
other, and the space of which y negative is the diameter may be called the 
umhi'ol pmumbra, and is distinguished from the rest of the penumbra in 
embracing those points from which the sua appears as an unbroken ring 
around the black disk of the moon, while to all other points of the penum- 
bra he will appear as crescent. In the first case the eclipse is said to be 
annular ; in the second, crescent. The gi'eatest possible diameter of the 
umbral penumbra is about 240 miles. 

§ 467. To find AB, the diameter of the extercal boundary of the pe- 
numbra on the earth, it is only necessary to change the sign of s in Eq. 
(153), because in this case i and s fall ou opposite sides of the asis of the 
moon's shadow. Making this change in Eq. (153), we have 



■=2B 



rd + ^ 



.{^ + .') 



■ (-P - ^) 



(12 



The greatest value for which ia about 4836 miles. 

§ 468. The solar eclipse begins at the instant of first, and ends at the 
instant of last contact of the moon with the cone tangent to the sun and 
earth ; and the places of first and kst appearance on the earth are those at 
which the corresponding rectilinear elements of this cone ai'e tangent to its 
surface. The solai' eclipse being only visible to those places situated with- 
in the path of the penumbra, is, when considered with reference to tli6 
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whole earth, called a general eclipse of the sun, in son trad istinction to its 
local character, of which more will he said presently. 

§ 469. Let M^ (Fig. 86) be the place of the moon at the beginning of a 
general eclipse of the snn ; denote her angulai- distance Jfj £1 S from, the 3un 
by ^; then, ance -ff^-S = P,EV,D = ff - *, and M,EE=s, will 



^P + s + €- 



(155) 



? the a 



of 



§ 470. In a lunar eclipse, if the moon's centre should 
the earth's shadow the eclipse is said to be central. When, duiing a solar 
eclipse, the centre ot the sun that ot the moon and tie eje of (he specta- 
tor are on the same right lino the eclipse is said (o be central If at time 
of sjzygy the moon become tangent to the ccne tf the eaiths shadow 
without enteiing the phenomenon is cilled ippal e 

§ 47l. The itmosphenc lens which cmelop" the earth enuse" the solar 
light pasang thiough it to conveige ti a fDcus between the moon and 
earth, and this light diverging anew after conccntiation and tailing upon 
the iiinar disk while m the earth's shadow gnes to it a daik coppery-red 
illumination ml pieieiif tcfal vh mat u :>i the m m dmiu^ a lunai- 



Relative Geocentric Orbit of the Moon. 

g 4'72. The path which a body in motion appears to describe in refer- 
ence to another also in motion, is called a relative orbit ; and the distance 
of the one body fix)m the other at any time will be the same whether we 
regaixl both as moving with theh actual velocities, or one at rest and the 
other moving with a velocity of which the components in any three rec- 
tangular directions we equal to the differences of the components of the 
actual velocities in the same directions. 

§ 473. Let iVO be an arc of the "'«■ ^s- 

ecliptic, y^Jj an arc of the lunar orbit 
projected upon the celestial sphere, JV 
one of the nodes, S the point in which 
the axis of the earth's shadow pierces the 
celestial sphere when the moon is in her 

node, the place of this point when the moon is either in conjunction or 
opposition at L. From the node to opposition or conjunction the moon 
will have described the are JV"i and the axis of the eai-th's shadow, whose 
motion is always equal to the apparent motion of the sun, the arc S 0. 
i is an arc of a circle of latitude ; and assuming JVL to represent tlie 
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moon's actual velocity, NO and OL 

will be its component in lon^tude and 

latitude respectivelj. S is the velocity 

of the earth'a shadow, which is wholly in 

lon^tude. If, therefore, we constmct 

upon NS = NO-SO, »^ASM = 

L 0, the rectangle SB, the diagonal ]VM\ii\l be an arc of the relative 

orbit of the moon refeiTed to the axis of the earth's shadow as an ori^n. 









P^ 







§ Hi. lleuce, if S M, be drawn perpendioiilar to the relative orbit, 
the length of S jt/j will measure the nearest approach of the moon's cen- 
tre to the axis of tlte earth's shadow, Malte 

m = moon's hourly motion in longitude ; 

ff = moon's hourly motion in latitnde ; 
I = time from node to opposition or conjunction ; 
(p=^ M N S =z angle which the relative orbit maies with fie ecliptic 



hut supposing the motion uniform, 
MS=at; 






NO = m.i\ S = nt; 



The angle (p is then known. 

§ 475. Denoting S M, by J, we have 



SI^^ 



,VEE^l±l 



(156) 



JV _ TO 

SN" m- 
Tfhence, substituting the value of S N, 
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Mating ^ equal to that given in Eq. (149), tie moon will just toiicli the 
earth's shadow, and NO will beeoma what is called the eclipiic limit ; 
that is, the least difference of longitude that can exist between the moon, 
and her nearest node at full, to avoid an eclipse of the moon. 

Taking the greatest value for ^, NO is found to be 12° 24', and least 
value it is found to be 9°. The first is called the gi'eatest and the second 
the least lunar ecUplie limit. If therefore at the time of full moon the 
difference hetween the longitude of tlie moon and her nearest node exceed 
12° 34', there cannot be an eclipse; if leas than 9°, there must he one ; 
if less than 12° 24' and greater than 9°, there may oi' may not, depend- 
ing upon the inclination of the relative orbit and actual value of .i*. To 
solve the doubt, we have the ^ven difference of longitude between 12° 24' 
and 9°, and the inclination p, to find S M^. If this latter be greater than 
^, there can be no eclipse ; if less, there must be one. 

§ 476. Again, making ^ equal to that given in Eq. (15S), and pro- 
ceeding exactly as above, we find the greater and lesser solar ecliptic Urn- 
its. The firat is 18° 36' and the latter 15° 25'. 

Number of Sclipses, 

§ 4TY. l^tNHN'H' be the ecliptic, 
N and N' the moon's nodes. Take 
JVi„ NLi, N'Ls, and JV'Z,, each equal 
toI8°.6, the greatest ecliptic limit. Then 
will Z, L, and £3 I>i be each equal to 
87°,2, and the number of new moons 
that can happen while the sun is appa- 
rently describing these arcs, will deter- 
mine the number of solar eclipses that 
can occur in a single year. 

The mean daily motion of the moon's 
node is — 0°.055 ; the mean apparent daily motion of the sun is 0''.985, 
and hence the apparent relative motion of the sun and node is O'.gss — 
(— 0°.055) = 1°.04, say one degree. Any arc, therefore, estimated fiora 
the node and expressed in degrees, may be taken to express also the num- 
ber of days during which the sun is in this arc. The suu will be 37.2 
days in L, L^ and as long in £, Z,. 

A lunation is 29.53 days, and 360°-=- 29.53 gives 12 lunations and 
5.64 days over. Take i, M, = 7° and J^ Afa = 6''-64 ; then, while the 
sun is apparently describing jjf, ^/P^j, there will be time enough for 
12 lunations exactly, and if the suu begin to describ^this arc wiili the 



I.--fjb;, 




-^-^s^riv 
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moon in conjunction at My, it will end 

it with tie moon in conjunction at J/j. 

Moreover; i, L, ~L,M, = ^1°.2 — 1" 

= 30''.2 ; to describe which the sun 

would require more time than, the moon 

would to make a lunation, so that there 

must be another new moon between N^ 

and ill maJang three within the ato 

Z, A- Besides, L, ij — i, jlf, = 1 80° 

--I" = lis ; and 173 — 29.53 gives 5 

lunations and 25.35 days over, and a 

new moon will occur at JWj, at the distance of 2' 

fl-om ij. The value of M, L, is equal to 37°.20 - 

the time requisite to describe this being greater than a lunation, there 

must be another new moon between J^' and £„ making j^wc in the course 

of the year, and as many eolar eclipses within the same peiiod. 

Again, M,J!f= 18°.6 — 7° = 11°.6 ; and in a semi-lunation or 14.76 
dava the sun will have passed the node JV only by tbe disfemce 14.76 
— 11.6 = 3°.16 ; so that at opposition or full moon, the moon will be 
within the lunar ecliptic limit, and there will be an eclipse of the moon. 
When conjunction took place at Jfa,the sun was 18°.60 — 4°.18 = 14''.42 
from the node if ; at the expiration of 14.76 days, or half a lunation af- 
tenvards, the moon will be fulJ, the sun will he within 0''.34 of the node 
jV, and there will be another eclipse of the moon, making two in one year. 
It appears, then, that there may be seven eclipses in one year, and when 
this is the c^e five will be of the sun and two of the moon. 

478. The least solar ecliptic limiU being 15° 2a', the arc £, L^ must be 
at least 30° 50' ; and as it requires longer than a lunation for the sun to 
pass over this arc, there must be at least one eclipse of the sun both in 
It, La and III If, so that there must always be at least two eclipses of 
the sun each year. 

The sun is less than a lunation in pasang through the lunar ecliptic 
limits; therefore there can be no more than one eclipse at each node, and 
there may be none. In other words, there may be two lunar eclipses in a 
year, and there may be none, 

Th« Saros. 

§ 479. The synodic period of the moon is 29.53058, and that of the 
moon's node 346.6196 days. These numbers are to one another as 19 to 
223 nearly. If, therefore, the moon and her nodes be in syzygy at the 
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e time, they will be so again after 19 revolutions of the node, or 223 
> (!iat the eclipses will recni' again veiy cearlj in the samo 
order mthin the same period, which is about 18.027 yeai's. This period 
is known as the ChalJeau Saros. There are generally 70 eclipses in the 
saros, of which 29 are lunar and 41 solar. 



PHYSICAL C0N8TITUTI0H OE THE MOON. 

§ 480. T 1 BO pe« dfclosp ceitan yin-'tifs ot illummit no tie 
moon's surfice whidi cau onlj aiie torn mountains anl ville>a The 
shadows e^t by the former le m diiectiuna and are of length re 
quired, by the incl nation of the bohi lavs to fhit poition ot the moons 
surface on ■wl ich the mountains stand The convei; outl ne of the moon 
turned towards the sun is always cnculir ind neiily "smooth but the op- 
posite or elhpticil bordei li the lUura nited part ii extremely r"igge 1 and 
indented w th leep le e "Jes anl p minent points To pl'ices iloug this 
line the sun if just nsing and the neigl 1 onng mountains la'it long bl ck 
shadows on the Hlains below As the sun i sps these shaloivs 'bortei.; 
and at full mujn, when the solai light i enetiates the mountain valleys and 
shines on every fomt of the field A \iew no shadows aie seen 

I 431. The summits of the lunar mounts n^, often appear as small 
bright ponts or isUnda ot h^ht, ! e^unl the edge of the illuminated part, 
as they catth the sunbeams befoie tlie mteivenin^ pi us As the sun ad- 
vances in altitude these luminous | atehes expand and fimlly unite with 
tlie geneial illuminatisn, and the mo ill n ap| t is yrc] cti na from its 
elliptical border 

§ 482. To compute tl e 
heiglit of a lunar mountain 
let H, M and S be the cen 
trea of the earth m on, ind 
sun respectivph ACBD 
and BOG sections of fhs 
general surface ot the mo n 
by planes respectively perpen- 
dicular to EM and MS; 
then will the visible illumi- 
nated part of the disk be 

contained between OBB and the projection of J> (7 on the section 
A OBB. Also let m be the top of a mountain just catching the solar 
rays that graze th.e general surface of the n 




nat 0; BOFil 
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great cii-cle of this suifiioe, 
and of which the plane passes 
through the top of the moun- 
tiun and centies of t!ie sun 
and moon ; n tlie point iu 
which this aio is cut by 
the line Mm drawn from 
the top of the mountain to 
the moon's centie. 

Make 

r = Mn = radius of the 

i = FCO~SMS = MEA'= t 

y=Om = distance of m from O ; 

a; = ra !i = lieight of mountain ; 

a := the projection of y on the piano A C B J). 

Then, since the ray S' Om is perpendicnlar to the section D C 
clined to the section A C B D, imder aa angle equal to the c 
of ^ C = 90° — e ; and we have 




ingle of elongatic 



whence 



a^y . 



■s (90' ■ 



0- 



y=')/x{2r + x); 



Vxi:ir + x) = 



^=27-shF.=r.-*^^'^"* (^'^) 

a being the observed distance of the bright spot from the boundary of the 
illumiuation, may be measured hy means of the micrometer. 

I 483. The heights of many of the lunar mountmns have been thus 
computed, and they range through all elevations up to 23,000 English feet. 

§ 484. The lunar mountains ai'e stiikingly uniform in aspect. They 
are very numerous, especially towards the southern border, occupying hy 
fer the larger portion of the surface. They present almost univeisally a 
arcular or cup-shaped foim in gi'ound plan, whieh becomes foreshortened 
into an ellipse towards the limb. The larger of these cups have for the most 
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part flat bottoms, from each of which vises centrally a amall, steep, conical 
hill, presenting ia all respects the true voloanie character as exhibited bj 

Eig,S2 




like districts on tlio ciitli but with tins jfculiiuily, yjz : that the bottoms 
are so deep is to he lelow liic gtnciai =iiif-"t of tlie moon, the internal 
depth bein^ often twice or thnup the Lxte nal heisfht 

§ 485. The heights ot mountams m the miinediato Ticinity of each 
other being pioportional to the length of then reipectiye shadows, the 
depths of the pits oi (raters aie easily computed tom the heights of the 
edges above the genonl level, ind the lengths of the shadows they cast 
internally and ettemiJlj 

§ 486, Thiough the Roise telescope, the flat bottom of the crater 
called Albatefriiius is. seen to b(, strewed Tvith blocks not visiUe through 
inferior instmments , and the e^tenoi of another, called Ai istillue, ia 
hatched o\er with deep gulhe% ladnting from a centre 

§ '487. There are also extensite tracts of the lunar surface which are 
perfectly level, and present decided indications of in dluual character, 
and yet there is a total absence of all appearances of leep wafpt 

§ 488, There are no clouds, or other indications of an atmosphere. 

A lunar atmosphere of a mean density equal to 1980th that of the 
earth, would give a horizontal refraction of 1", and cause the diametei' of 
the moon, measured with a micrometer and estimated by the inteiTal of 
a star's disappearance in an occultafion, to differ; would cause the limb of 
the moon, during a solar eclipse, to appear beyond the cusps esteraally to 
ihe sun's disk as a narrow line of light, extending for some distance along 
the edge ; and would extinguish very faint stars before oecultatious. But 
none of these phenomena are seen. During the continuance of a total 
lunar eclipse, when the light of the moon is so deadened as not lo obliter- 
ate by contrast the feeble light of the smaller stai's, the latter aie seen to 
come up to the moon's limb and undeigo sudden extinction, without any 
apparent displacement 

§ 489. The light from the iiioon devolopes but feeble lieat, for even 
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mien collected into the foei of large reflectors, it affects but little the 
tbermoineter ; and there are no appearances indicating the slightest 
chaBge of surface, such as would result fj'om the periodical growth and 
decay of vegetation ■which accompany a change of se^ons. 

§ 490. To an inhabitant of the moon, if there be such a thing, the 
eaith must present the appeai'ance of a moon 2° in diameter, exliibiting 
phases complementary to those the moon presents to us, but fixed in tlie 
sky, while the stara seem to pass slowly beside and behind it> It must 
appear clouded with variable spots, and baited wick zones uonesponding to 
our trade-winds. Duiing a solar eclipse our atmosphere will appear as a 
narrow, bright ring, of a ruddy color where it rests on the earth, gradually 
passing into fiiint blue, encircling the whole or part of the earth's disfc. 

SATELLITES OF JUFITEE. 

§ 491; The satellites of Jupiter, four in number, revoSve about their pri- 
mary &om west to east in planes nearly coincident with that of the planet's 
eqiiatoi', and but slightly inclined to the ecliptic. 

§ 403. Their orbits appear, therefore, projected voiy nearly into straight 
lines, in which they oseiEata to and fro, sometimes passing between the 
mm and Jupiter, causing an eclipse of the sun to the latter, sometimes en- 
teiiug the planet's shadow and being themselves eclipsed, and sometimes 
disappearing either behind the body of Jupiter or in transiting his disk. 

§ 493. Thus, let S be the sun; E, the earth, of which the orbit is 
MFQB; J'.Jupiter; nnde/ai, the orbit of a satellite. The cone of Ju- 
piter's shadow will have its vertex at X, far beyond the orbit of the satel- 
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lite, and the penumbra, owing to the great distance of the sua and conse- 
quent smallnt.=^ of the angle it Juptei subtended b\ hia di-li, will extend 
but little beyond the shadow within the Iimiti ol the satellite a otbit 
The satellite re^ohing fiom west to east will ctet i shadow upon Jupiter 
while pissing fiom m fo n will tiinsit hia di'*k tium e to/, enter his 
shadow at a emeige from it at h, and disappear behind the body of the 
planet while pisaing tiom, c^ d 

I 494 The shaiowt ot tlie satelliies lie fiequen^lj seen orossing the 
disk of Jujitcr "Willie m the A(,t ot tianaiting, the satellite generally dis- 
appears its light beiQg lonfouuded with that of the pi met, unless it hap- 
pens to be piojected upon, A daiL belt, in which case it is visible Under 
(hese ciicumstances it occasionally appeirs is a daik spot sm diet than its 
shadow, which has led to the conclusion tJiat certain of the satellites have 
now and then on fheit own bodies, or within their atmospheres, obscure 
spots of great extent. 

§ 495. From the eclipses of the satellites ai'e obtained all the data for 
the determination of the laws of their motions. These eclipses are in gen- 
eral analogous to those of the moon, but in their details they differ con- 
siderably. The great distance Of Jujnter from the sun and his great size, 
make his shadow much lai'ger and longer than that of the earth. The sat- 
elhtes are much smaller in proportion to their primaiy, and their orbits less 
inclined to his ecliptic, than in the case of tte moon. From these causes 
the three interior satellites enter the shadow at eveiy revolution, and are 
totally eclipsed ; and although the fourth, fiom tlie greater inclination and 
distance of its orbit, sometimes escapes eclipse, yet it does so seldomi 

§ 496. EeKides, these eclipses are not seen by us from the centre of mo- 
tion, as are those of the moon, but fiom some remote station, of which tlie 
place witli respect to the shadow is ever changing. And while this cir- 
cumstance makes no difference in iha time of the eclipses, it yet affects 
materially the visibility and the apparent relative silaations of the planet 
and satellites at the instant of the latter's entering and quitting tlie shadow 

§ 497. A satellite never enters the shadow suddenly because of its sen 
sible diameter, and the time from the flrat perceptible loss of light to its 
total extinction will be that required by the satellite to desciibe about Ju- 
piter an angle equal to its apparent dianieter as seen from the planet's cen- 
time. The same is true of the emergence. Owing to the difference in tel- 
escopes and eyes, this becomes a source of discrepancy in the times assigned 
by diffei'ent observers for the beginning and ending of an eclipse. But if 
both the immersion and emersion be obseiTed by the same person and with 
the same telescope, the half sum of the two times, as given by [i propui'ly 
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regulated time-ke«per, will bo that of apparent oppositim measurably fteu 

§ 4B8. The inteivals betweea tlio oppositiona give tlie synodic period, 
which, in Eq. (146), will give the mean motion, knowing that of Jupiter, 
and hence ihe sidereal period. Eq. (142). 

The satellites are named first, second, tkii-d, and fourth, according to 
their order of distance from Jupiter. 

The elements of the satellites' orbits will be found in the following 

Table. 



Hat 


Bidetfal period. 


InM ntonot 


asert plana to 


nodtsoii 
flstd plane. 


Mass: 
UiatofJiiptter 

i,oo«,tH'i),^oo. 


IflL 
2d. 
3d. 

4tli. 


118 27" 33.506 
3 13 14 36.39J 
7 03 42 33.362 
16 16 31 49.701 


6 04853 1 
9 61347 27 50 
15 35054 12 20 
a699s35 14 58 


6 
1 5 
5 3 
024 1 


395142 
141 7390 
6310000 


17328 
23235 

88497 
42659 



It will assist in foiming some idea of the ii'lxti\H dimmaions of Jupitej 
and his satellites to examine the fyIlo\img 





Msttn Bpparent 


Mean apparenl 
Vium Jupll«rf 


Biamct^r 
Biilea. 


Msfs. 


Jupiter. 


33,327 




87000 


l.OOOOOOO 


Ist Silt. 


1.017 


33 11 


2508 


0. 0000173 


2d ■' 


0.911 


17 35 


9068 


0.0000232 


3d " 


1.488 


18 00 


3377 


0.0000885 


4lh - 


1.273 


8 46 


2890 


0.0000427 



F n ivl 1 t i s tl at tl I" fi ft satclhte appears to a spectator on 
Jup tcr IS hrge a on unoon to u the second and third neaily equal to 
each other and some 1 at n o e tli n half the size of the firat ; and the fourth 
about a q a te of thnt s z Tl ey frequently eclipse each other. The 
apparent da et -s of the plan t is seen from the satellites are 19° 49' ; 
12° "9 7° 47 4° "5 

I 490. Figure ^a slioivs that the edipses take place to the west of Ju- 
piter, while the latter is moving from conjunction to opposition, and to the 
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east from opposition to coDJunction. As Jupiter approaelies to opposition, 
the liiie of siglit Com the earth hecomes more neaily eoiucideat with the 
direction of the shadow, and tlie plac« of the eclipse will he nearer and 
nearer to the body of the planet. "WJien the earth comes to F, from which 
a hue drawn tangent to the hody of the planet will pass through 6, the 
emersion will cease to be visible, and will, up to the time of opposition, 
take place hehind the pkaet. Similarly, from oppoation up to the time 
when the earth arrives at K, the immersion will he concealed from view. 
These remarks apply particularly to the third and fourth satellites, the 
proximity of the others to the planet being so great as to make it impossi- 
ble ever to see the immersion. and emeiBion both at the same eclipse. 

§ 500, The mean motions of the satellites are connected by this re- 
markable law, viz.; If the mean angular velocity of the first satellite he 
added to twice that of the third, the sum will equal three times that of the 
second. If, therefore, from the mean longitude of the iirat satellite, in- 
creased by twice that of the third, three times the mean lon^tude of the 
second he subtracted, the remainder will be a constant quantity, and thia 
constant is found to be equal to 180°. This Laplace has shown to be a 
consequence of (he mutual attractions of the satellites for one another. 
The first three satellites cannot, therefore, be eclipsed at the same time. 

§ 501. While, however, the satellites cannot all be eclipsed at once, 
they may he, and, indeed, occaaonally are, all invisible by the simultaneous 
eclipse of spme, occultalions of others, and transits of the rest. 

§ 502. The orbits of the satellites are but slightly eceentiic, the two ia- 
ferior ones not at all so, so far as observation is capable of levealing eccen- 
tricity. Their mutual attractions produce in them perturbations analogous 
to these of the plauels about the sun. These are investigated in physical 
asti'onomy, 

§ 503. By careful observations the aatelhtes are found to exhibit marked 
fluctuations in respect to brightne^. These fluctuations happen periodi- 
cally, and appear connected with the position of the satellites with respect 
to 'Ca^ sun ; from which it is inferred that they revolve upon their axes like 
our moon, each once in its sidereal period. 

§ 504. At one time the eclipses of Jupiter's satellites were much used 
in the determination, of teri'estrial longitude, but more modem methods, 
free from the objections referred to in § 497, have in a measure supplanted 
them. 
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roffreasive Motion if Light. 



§ 505. To these eclipses science is indebted for t!ie disuoveiy of tlio suc- 
cessive piopagiition and vuloeity of light. 

The earth's orUt being conceDtric witli that of Jupiter and interior to it, 
tlie distance of these bodies is continually varying, the variatdoa esteading 
from the sum to the difference of the radii of the two orhits, making the 
excess of the greatest over the least distance eqnal to the diameter of the 
eai'th's orhit Wow, it was observed by Koemei', a Danish astvonomei', on 
oompaiiEg together the echpes during many successive years, that those 
which took place about opposition were observed earher, and those about 
conjunction later than an average or mean time of occurrence. And con- 
necting the observed acceleration in the one case and letaidalion in the 
other with the vaiiation of Jupiter's distance below and above its average 
value, he found the difieieooe fully and acoui-ately accounted for by allow- 
ing 16™ 26'.6 for light to traveiBe the diameter of the earth's orbit. In 
other words, using the figui'e of a cord moving in the direction of ita length 
frona the satellite to the earth to illustrate tiie flow of luminous waves in 
tte same direction, if the cord were severed at the edge of Jupitev's shadow, 
the severed end would be IB™ 26'.6 longer in. reaching the Barth when the 
planet is in conjuaetion than in opposition, having a greater distance to 
travel in the first case by the diameter of the eajth'a orhit = 190,000,000 
miles, than in the second. The satellite is seen long after it has entered 
the shadow, and is invisible long after it has emerged from it. Dividing 
the diameter of the earth's orbit by 16°" 26'.6 reduced to seconds, the ve- 
locity of light is found to be 192,000 miles ii second. 

SATELLITES OF SATUKN. 

§ 506 Eight Sittellites are known to accompany Saturn. They rovolvo 
about him tiom west to east, and in planes nearly coincident with that of 
the planet's ting, escept the eighth, whose orbit is inclined to this latter 
plane undpr an angle of about 12° 14'. This satellite is also distinguished 
hom the others by its remoteness from the planet, its distance being 
2 3 times that of the most distant of the others, and equal to 64 times 
the equatorial radius of Satuni, resembling in this respect our own moon. 
It is also remarkable for the exhibition of gi'eater variety of illuiniuatiou 
in different parts of its orbit than any other known secoadaiy. Indeed, so 
feeble is the light which it reflects to the earth when to the east of Saturn 
tlial it becomes invisible through ordinary telescopes ; and from this defi' 
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ciency of light occurring constantly on the same ade of Saturn, as seen 
from tlie earth, it is iiifeired that this satellite revolves on its axis onc« 
dmiDg iia sidereal period. 

I 507 The neiit in order proeeedinc inwardly, is so obscure as to have 
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film 



W fi ai s 

of light reflected fiom the edge of the ring then turned towards the eai'th, 

and for a short time to adrance off at either end, speedily to return again. 

§ 510. Owing to the obliquity of their orbits to the plane of Satura'a 
ecliptic, there are no eclipes, ocoultatiocs, or traDsits of the satellites, or 
shadows on the disk of the primary, except at the time when the ring is 
seen edgewise, and tiieir observation is attended with too much difficulty 
to be of any practieal use, like tlie corresponding phenomena of Jupiter's 
satellitea, for the determination of teiTestrial longitude. 

I 511. The names and elements of Saturn's satellites are given in the 

Table. 
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1 91 18 95.7 
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o.oa! 


42 i 




5. Rhea .... 
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9.5528 
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o,oa» 
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fi. Titan , . . 


15 22 41 25.9 


99.1450 


1830.0 


137 91 94 


0.039314 


256" 3 


M! 


1. Hyp=m„. 
8. lapetuB . . 


92 12 t ! 
79 07 53 40.4 


98. ± 
64.3590 


1790.0 


969 37 43 









The longitndes are reckoned in the plane of the ring from its descend- 
ing node on the ecliptic. The apsides of Titan have a direct motion jrf 
30' 2S" per annum in longitude on the euliptic. 
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I 512. The periodic times of the first four satellites in order of distance 
ifom Saturn ara connected bj thia law, vi?. : The period of tlie third is 
double tiiat of tlie first, and the period of the fourth is double that of the 
second ; tho coincidence being exact to within -g J„ part of the' larger 
peiiod. 

SATELLITES OF URASUS. 

§ 513. Uranus is believed to have six satellites, which revolve about the 
primary froia east to west, in orbits nearly, if not quite, circular, and which 
make with tho ecliptic an angle of 18° 58'. They thus differ from all the 
other known bodies of the solar system both in the direction of their mo- 
tion and iaclination of their orbits, which latter, as well as the places of 
the nodes, have undergone no sensible change, during at least oue-half of 
the planet's period around the sun. 

The elements of these satellites, as far as known, are given in this 



3U, 


Biieteal EevolnUon. 
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Nortsa md Inclination. 
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IndinationofoiWtato 
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8 le" 5G™31».3 


no 


1787. Feb. 16, fli. lO" 










1 longitude. 165" 30'. 




13 11 07 ia.6 


23 8 


17^7 Jan. 1, 0'' 38-" , (Equinox of 179a) 
" Motion retrograde. 








6 


107 13 1 


91 Ot 


■ and orbita nearlj 
! ciroulai'. 



I 514. The satellites of Uranus require very powerful and perfect tele- 
scopes for their observation. The second and fourth are far the most con- 
spicuous, and their periods and distance have been ascerlained with toler- 
able certainty. The first and tbii-d have also been observed since their 
original announcement, but of the existence of the fifth and sixth we have 
not the same evidence. Sir John Heraehel is of opinion that if future 
observations should assign &im places, they would be exterior to that of 
the fourth. 

515. When the eartli is in the plane of the orbits or nearly so, the ap- 
parent paths of the satellites are straight lines or very elongated ellifffles, 
in which case tliese secondaries become invisible long before they come 
up to the disk of the planet, in consequence of the superior light of the 
latter, so that it is not possible to observe their occultations, eclipses, and 
transitsi 
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SATELLITES OF NEPTUNE. 

§ 516. If the observation of tlie satellites of Uranus be difBeult, those 
of Neptune, owing to the great distance of tJiis plauet, must offev slill 
greater difficulties. Of the existence of one satellite there remains no 
doubt. ■ Its sidereal period about the planet is nearly 5.9 days ; iis meaa 
distance is fourteen times Neptune's semi-diameter; audits orbit is in- 
clined to the plane of the ecliptic under an angle of about 85°. 



COMEra, 

§ 517, Comets differ from all flie primary bodies ivith which we have 
thus far been concerned, in their appearance, the shape and inclination of 
their orbits, and in following no rule, as a class, with regard to the direc- 
tion of their motions. They are of varions sizes, some being visible to the 
naked eye even in daytime, while othei's require the aid of telescopes even 
at night to see them. 

§ St8. Tlie larger consist for the most part of an ill-defined mass, called 
the head, from which, in. a direction opposite tin sun, proceeds a train, of 
gi'eater or less extent, called the tail. 




I 519 Ihe he id is much bnghter towards its centre. Sometimes this 
mcieise of lUummition teimmates in a bnght spot, ciUed a nuc/eus. the 
surrounding haze which mites up the rest ot the head being calltd the 

§ 520 The tail appears to consist of two ilreaiUB ol luininoua niitter 
which, starting from a point neai the head, and on the side towaids the 
sun, pass suddenly to the opposite side, and grow bioader and more dif- 
fused as they increase in length ; they commonly unite at a little distance 
■from the head, but sometimes continue distinct for the greater part of their 
course. This appendage has been known to attain the enormous length 
of forty-one millions of miles, and to stretch over 104 degrees of the celes- 
tial sphere. 

§ 521. The tail is not, however, an invariable appendage of comets. 
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many of the biightest having been seen with httle or none, and othci's as 
rouDd and well-defined aa Jupiter. 

§ 522. On the other hand, there are instances of comets with many 
tails 01" streamers, spreading out like an immense fan, and extending to the 
distance of some 30 degrees of the celestial vault. One is recorded as 
havmg two tails, mating with each other an angle of 160°, the fainter 
being turned towards, the other from the sun. 

The tails are often curved, bending, in general, towards that part of 
space which the comet has left, as if retarded by the opposition of some 
resisting medium. 

§ 628. The sraallor comets, such as are only viable through telescopes, 
and which are by far the most numei'ous, present no appeaiance of a tail, 
and seem as Mund or oval vaporous masses, more luminous towards the 
centre, where, in some instances, a small stellar point has been seen, but 
without any distinct nucleus or other signs of a solid body. Sfars of the 
smallest magnitude, such as would be obliterated by a moderate fog, are 
seen fbrough their hnghtest part. 

§ 524. A comet never exhibits the least signs of phases ; but, on the 
contrarv, appears as a mass of thin vapor, either self-luminous, or easily 
penetrated by the luminous waves from the sun, which are reflected from 
its interior parts as from its esteiior surface. 

§ 525. The tail, where it comes up and surrounds the head, is yet sep- 
arate from the latter by an interval less luminous, as if sustained and kept 
from contact by a tiansparent stratum of atmospiei-e ; and seems to be a 
kind of hollow envelope of a pai'abolio forrd, inclosing the head near its 

§ 626. The number of recorded comets is very great, amounting to sev- 
eral hundred ; and when it is considered that in the eai'Iier stages of as- 
tronomy, before the invention of the telescope, only laige and conspicuous 
ones could be noticed, and that, since due attention has been paid to the 
subject, scarcely a year passes without the observation of one or two of 
these bodies, and sometimes two or three have appeared at once, it may 
very reasonably be supposed that many thousands exist. Multitudes must 
escape observation by reason of their paths traversing only that part of the 
heavens which is above the hoiizon in daytime. Comets so circumstanced 
cau only become visible during a total eclipse of the sun — a coincidence 
which is related to .have taken place sixty years before Chiist, when a 
a large cotnet was observed near the sun. 

§ 527. The motion of comets is characterized by the greatest irregular- 
ity. Sometimes they appear in sight for a few days only, at others fot 
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many monflis. Some move very sIow!y, others \vith vast velonity ; and 
cot unfrequently the two extremes of speed are exhibited by the same in- 
dividual iu different parts of its path. Some pursue a direct, others a ret- 
rograde, and others a tortuous and very jiTegular course; nor are they 
coniiDedi hke the. planets, to any pai'ticular re^on of the heavens, but 
fravei'se indifferently every part alike. ' 

§ 528. Their variations iu apparent size, while visible, are equally re- 
markable ; soiaetimes they make their appeaianee as faluf, slbw-moving 
objects, with little or no tail; by degrees they accelerate their speed, en- 
laigo and extend their tail, whieh increases in length and brightness till 
they ipproieh the &un near enougt to be lost in his light. After a time 
Ihey agira emeige oa tlie opposite side, receding from the sun. It is now 
foi the moa p h y h n forth in all their splendor, and display their 
tails m grc 1 ngth a d development, As they continue to recede 

fiimthesu tb m n 1 minishes, their tails subside about the head, 
wh eh gron eo mially eetler till lost in the distance, fi'Om which by far 
the gipatei n mb ha n r returned ; thus indicating their paths to be 
iloHg the p b la hype bola. 

^ 529 These seemingly inegular and capricious movements are fiiUy 
explained by the doctrine of universal gravitation, and are no othei' than 
coiisequeQi.es of tht laws of elliptic, parabolic, or hjperboho motions. But 
tlie phjsical ohinges of the head, the process by which- it builds up the 
enonnoiat t-xil tates it down agfun, and wraps it as a mantle about itself; 
the posibon ot the tail as regards the direction of the sun, the multiplicity 
of taili and other physical phenomena to be noticed presently, remain 
without ■satisfactory solution. 

I 530. The elements of a comet's orbit ai'e readily computed fi'Om three 
observed places, exactly as in the ease of a planet; and the comet usuallj 
takes the name of the computer who thus fii'st defines its track through 
the heavens. 

The elements of a few now reckoned among the permauint members of 
the solar system, will be found in the following table : 
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I 531. By far the most interesting of these comets is tliat of Haliey. 
Its last return took place according to prediction in 1835. Wliilu yot 
I'emote from tlie sun in its approach to that Inminary, its appeai-anj'o \vus 
that of au oval nebula wittout tail, and having a minute point of coiii^itu- 
trated light eccentrically situated within. Soon ifa tail began to be devi-l- 
oped, and increased rapidly till it reached its gi'eatest length, abcint 21) 
degrees, when it decreased with such haste as to disappeai' entirely bctore 
perihelion passage. When the tail first began to form, the nuuleus be- 
came much brighter, and threw out a jat or stream of light towards tlie 
Bun. This ejection continued, with occasional intermission, as long as the 
tail continued visible. Both the fomi. and direction of this luminous 
stream underwent singular and capricious alterations, the different phases 
succeeding one another with such rapidity that no two successive nights 
presented the same appearance. At one time the jet was single, at others 
fan-shaped, while at others two, three, or more jets were darted forth in 
different directions, the principal one oscillating to and fro on either side 
of the line drawn to the sun. These jets, though very bright at their 
point of emanation from the nucleus, fiided away, and became diffused sa 
they expanded into the coma, at the same time curving backward as if 
thrown against a resisting medium. After its perihelion passage, the 
comet was not seen for two months, and at its reappearance presented 
itself under a new aspect. There was no longer a vestige of tsd! ; it 
seemed to the naked eye a hazy star of the fourth magnitude, and through 
a powerful telescope a small round well-defined disk, rather more than 2' 
in diameter, surrounded by a nebulous coma of much greater extent. 
Within the disk, and somewhat removed from its centre, appeared a mi- 
nute but bright nucleus, from whidi extended, in a direction opposite the 
sun, a short vivid luminous ray. As tlie comet receded from the son, ilm 
coma disappeared, as if absorbed into the disk, which increased so rni> 
idly as in one week to augment its volume in the ratio of 40 to 1 . And 
BO it continued to swell out, with undimimshed rate, until from this cause 
alone it ceased to he visible, the illumination becoming fainter as the 
magnitude increased. While this increase of dimensions proceeded, the 
form of the disk passed, by gradual and successive additions to its length 
in the direction a iposite to the sun, to that of a paraboloid, the side towards 
the sun preserving its planetary shai'pness, but the base being so faint and 
ill-defined, as to indicato that if the process had been continued with sufB- 
cient light toi^endsr it visible, a tail would ultimately have been observed. 
The parabolic envelope finally disappeared, and the comet took its leave 
98 it came — a small round nebula, with a bright point in or near the 
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centre. Figures 5 to 10 inclusive, of plateK, taken in order, show somo of 
the Buccesaive aspects of this comet at its last appearance. 

§ 532. Many other gieat comets ai'e recorded, all affording pecuharities 
more or le^ interesting, 

§ 633, On comparing the intervals between the successive retunis of 
Encke's comet, its periods are found to be continually shortening ; that is, 
its mean distance from the sun, or semi-major axis of its orbit, diminishes 
by alow and regular degrees, and at the rate of about 0''.11 during each 
revolution. This is attributed to the resistance of tte ethereal medium 
which fills the planetary space, and serves as the medium for the transmis- 
sion of light. This resistance checks the velocity, diminishes the centrifu- 
gal force, and gives to tlie sun more effect in drawing the comet towards 
itself. It will probably ultimately fall into that body. Like the comet of 
Halloy, ils apparent diameter is found to diminish as it approaches to, and 
to increase as it recedes fioni the sun. It has no tail, and presents to the 
view only a small ill-defined .nucleus, eecentiically situated within a more 
or less elongated oval mass of vapors, being nearest to that vertex which is 
towards the sun, 

§ 534. Biela's comet is scarcely visible to the naked eye ; its orbit 
nearly intoi'sects that of the earth, and had the latter, at the time of its 
passage in 1832, been a month in advance of its actual place, it would 
have passed through the comot. 

At its last appearance it separated itself into two parts, which contin- 
ued to journey along together, side by side, through an arc of 70 degi'ees 
of their orbit, keeping all the while within the same field of view of a tel- 
escope directed towards them. Both had nuclei, both had sliort tails par- 
allel to one another, and perpendicular to their lino of junction. At firet 
the new comet was extremely small and faint in oompai'ison mth the old : 
the difference both in light and size diminished till they became equal ; 
after which the new comet gained the supeiiodty of light, presenting, ac- 
cording to lieut. Maury, the appearance of a diamond spark. The old 
comet soon, however, recovered its superiority, and the new one began to 
ftde, till filially ike comet was seen single before it disappeared. While 
this interchange of light was going on, the new comet threw out a faint 
bridge-like arch of light, which extended from one to the other. When 
the original comet recovered its superior brightness, it in its turn threw 
forth, additional rays, so as to present the appearance of a comet with thi'ee 
tdls, forming with one another angles of about 120°, The distance be- 
tween the comets at one time was about 39 times the equatorial radius of 
the earth, or less than two-thirds the distance of the moon from the eaith. 



-d by Google 



COMETS, 14^ 

§ 635. The orbits of comets being very eocentrifl, and inclined under all 
Boris of angles to tto ecliptic, these bodies must pass near to the planets, 
and be more or less affected by their distui'biog action. 

One passed Jupiter at the distance of -^g of the radius of that planet's 
orbit, and the earth, three years afterwards, at seven times the moon's dis- 
tance. This comet was found by Lexell to have passed its perihelion in 
an elliptical orbit, of which the eccentricity was 0.7858, and with a pe- 
riodic time of about five and a half years, having, in all probability, been 
drawn into this path by the perturbating action of Jupiter and the earth at 
its previous visits. Its neft return could not be obseiTed hy reason of the 
relative places of its penheliOE and of the earth, and before another reso- 
lution could be awcomphshed it pissed witlbm the oibjt of Jupjters fourth 
satellite, and has never been seen since. The action of Jupiter doubfiless 
changed its orbit into an extremely elongited e]lip=e oi perch inte into a 
paraboU or hyperboK and whit is mo^t remaikable urne of Jupiter 
satellites suffered anj f erceptible derangement — 1 •sufiicKnt pionf ot th« 
smallness of the comets mi's 

§ 536. The great number cf cfmets which appeir to move m piti 
bolic orbits, or elliptical oilits so elongated is not to be distinguishe 1 horn 
them, has given rise to an impression tint these bodies are extraneous to 
our system, and that om elliptic comefs owe their permanent dem/enship 
witliin the sphere of the sun t dominant attiactmn 1o fbe lefard ng action 
of one or other of the planets near wh cb they miv have passed and by 
which their velocity was teduced to comprtibihty with elhjtic mot on 
A similar disturbing eiuse acting to increase the velocitj would give nse 
to a parabolic oi- hj^ieib^hc oibit so thit it is not impost hie for a comet 
to be drawn into our system retained dun ig many levoluti na nbout the 
sun, and finally expelled fiom it nevei more to letinn lawas ji 1 Hy 
the case with that ot Iiexell 

§ 53Y. The fact that all tlie phnets and neailj ill l! e '^itplhte'f moie 
in one direction about tiie sun ^shlle retrogr'ide comets are verj common, 
would go far to assign them an e\traneous oiigin Fiom a coBjleiiticn 
of all ttie cometary orbits known m the eaily part of the present century, 
Laplace found that tie average situation of their planes was so nearly per- 
pendicular to the ecliptic as to afford no presumption of any cause biaang 
their inclinations. And yet as the planes of the elliptical orbits approach 
that of Hie ecliptic, the niimber of direct comets increases ; and a plane of 
motion coincident with that of the earth, and periodicity of return, are de- 
ddedly favorable to direct aotion. 
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STARS. 



§ 6db Besides the bodies composing the solar system, tliere are a 
wUD ess multitude of othei'S wliidi, because they retain tiieir relative places 
sensibly unchanged aie called, thoiigii improperly, fixed stars. Like our 
sun tiiey u'e poised ]n space, a e sell luminous, and in all probability are 
centieb ot planetaiy systems 

§ o39 Among tbese slavs, whicb at first riew seem, scattered over tlie 
L lestjal vault at I'acdom, appears, e\eiy evening, a bi'igbt baud, cslJcd the 
milLij way, that stretches fi-oiu bovizou to horision and forms a zone com- 
pletely tnoircling the heavena. It divides in one part of its course into 
two bi iiiLhes, wliioh unite agMQ after remaining separate for 150° of their 
cotti^e 

§ o40 The most refined obseiTations have been able to assign to none 
ot the stars a sensible geocentric, and to but veiy few only ait exceeding 
small and uncertain anmtal paiallax , while the most powerful migmhers 
have thus far failed to reveal an appiecnble disk 

But little can, therefore, be kncwn of their disfancea nolhinj nt all of 
their real dimensions, and the onh meini by whiph one mi^ b i! 't m 
giilshed from another ai'e in the ohpnotei ind intensity ot tliei illummn 

§ 541. It is usual to arrange the "stars into classes called mag} Uudt 
and this without reference to thiu lotafion m the heavens The i nglite I 
are said to be of the first magnittde those which f 11 so fai short ol tlie 
fli'st degree of biightness as to make a "stiongly maiked distinction aie 
classed in the second, and so on iown to the sixth or seventh, which com 
prise tlie smallest stare visible to the naked eye in the cleaiest and daikest 

§ 542. Beyond this, however, telescopes continue the range of visibility 
down to the 16th; nor does there seem imj reason to assign, a limit to the 
progi'ession, for every increase in the dimensions and po*ver of teiescopea 
has brought into view multitudes iunumerable of objects invisible before ; 
and, for any ttiing experience has taught na, the number of stai's may, to 
our powers of enumeration, be regarded as ab'iolutely without limit 

§ 543. The mode of classification into ordere is entirely arbitrary. Of 
a multitude of bright objects, differing in all piobabihly intiimically both 
ill size and splendor and arranged at unequal distance*^ one mufit appear 
the brightest, another next below it, and so on An oidei of t^ucces^ion 
must exist, and when it is gradual in d g ee ind indefinite m extent, tc 
di'aw a line of demavkation is matter ot pii c c n^ ention 
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I 544. Sir John Hersclie! proposes to make the scale of deereasiDg 
bngiitcesa of the stars whicli head the several ordem of maguitiides, to 
vary inversely as the squares of the natural numhers, or as I, J-, -J, ■^. g'j, 
&c. ; tliat is, the hrightest star of' the first magnitude shall be four times 
that of the brightest of the second, nine times that of the brightest of the 
third, and so on : stars of intermediate brightness to he expressed ded- 
mally. Thus a star half way in brightness between the bn'glitest of the 

third and of the fourth magnitudes would be expressed by . ', . 

(3.5) 

On the liypothesis that all the stars possess tie same intrinsic bnghtnesa, 
coupled with tie fact that the distance of the same luminous object varies 
iuversely as the square root of its apparent hiightness, the mere mention of 
die magnitudes of the stars would suggest, according to this classificatioD, 
their relative distribution through space. 

I 545. To accomplish this F^ «>■ 



photometvical c 
proposes to receive the light from 
the planet Jupiter, at A, on the 
first fitce of a triaitgular prism, 
so Rs to &1I on the second face 
at C under an angle of total 
reflection ; this light, on its 
emergence fioro the tliird face, 
being received upon a convex 
lens -D, would foiin an image 
of Jupiter's disk at F. An eye 
placed at H, within the field of 
the divei'ging waves, would re- 
ceive the light fi'om this image 
and that from a stai' proceeding 
along the line BK The ap- 
parent brightness of Jupiter's 
image would vary inversely as 
the square of FS, because this 

planet has no sensible phases, and under the same attnosplieric circum- 
stances is of a constant brightness, while that of the star would be cnnstiiat 
for all positions of the eye, and by altering the place of the latter tlie star 
and the image may be made to appear equally bright. The value of Sff 
twing ascertained for difi'erent stars, their relative biightness becomes 
tnown. 
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I 546. Astronoineii! have generally agreed to i-estriot the first magni- 
tude to about 23 or 24 stars, tts seconij to 60 or 60, the ttkd to about 
200, and so on, their numbers increasing rapidly aa we proceed in the order 
of decreasing brightness, the number of stare registered to include the sev- 
enth. magnitude being from 13 to 16 thousand. 

§ 547, Stare of the first three or four magnitudes are distributed pretty 
uniformly over the celestial sphere, the number being somewhat greater, 
however, espacijilly in the southern hemisphere, along a zoue following the 
couiTfe of a great ciicle through the stars called s Ononis and a Ciiisia. 
But when the whole number visible to tlie naked eye are considered, they 
increase greatly towai-ds the borders of the mill y \nd f th t I 

soopic stare be included, they will be found ero ded hey nd inaginat a 
along the entire extent of that remai'kable belt 1 t b an h Indeed 
ifa whole light is composed of star? o/ eve) / magn tud f n su h a a 
visible to the naked eye to the imalltH poi^t per ept bl tfi vgh tk best 
telescopes. 

§ 548. The general coui-se ot (he milky way 1 ting oc a nal le 
viations and following the gr atest b ightae^js th t f g t In 
alined to the equinoctial undei' an angle of G3° a 1 tt g tl t In 
right ascension 0''4'7°' and 12'' 47°', so that its n fl u and utl m p les 
are respectively in right ascension IS* 47" and 6 4 

§ 549. Thia great circle of the celestial sph 1 I h th n al 

course of the milly way most nearly coincides, i 11 d th galla t I 

To count the number of stars of all magnitudes hi n a ngl fi Id of 
It telescope, and to alter the field so as to take m successively tlio entire 
celestial sphere, is to gauge the Iieavens. 

§ 650. A compaiison of many different gauges has given the average 
uiimbeT of stars in a single field of 15' diameter, witliin zones encircliag 
■the poles of the gallaotic circle, found in the following 



Table. 



0" to 15° 


4.32 


15 to 30 


6.43 


30 to 46 


8.21 


45 to 60 


13.61 


60 to 75 


24.09 


75 to 90 


53.43 
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80 
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to 60 



15 to 90 



0.08 
13.49 
26.20 
59.06 
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I 551. Tim sliowa that tliG afara of our firmament, inalead of taing 
scattered in all directions indifferetitlj' through, space, form a slratum of 
which the thickness is small in comparison with its length and hieadth, 
and that oui' sua occupies a place 
somewhere about the middle o£ ''^' 

the thickness, and near the point 
where it subdivides into two prin- 
cipal lamiDEe, inclined under a 
small angle to one another. F 
to an eye so situated, the appa 
density of stars, supposing he n 
pretty equally scattered thr gl 
the space they occupy, would he 1 a 
to the lamina;, and greatest n ha f 
creasing rapidly in pasang ft m n 

I 652. For convenience of ef n^ 
ai'ated into groups by concei nf n ! 
sphere after the manner of g jl 
gronpa of stars within such b und 
brightest star m each constellation is designated hy the first letter of the 
Greek alphabet, the next brightest by the second, and so on fill this alpha- 
bet is exhausted, when recourse is hjid to the Roman slphahot, and then to 
numerals. A star will be known from the name of the constellation and 
the letter or numeral : thus, a Oentauri, 61 C)/ffni. Many of the bright- 
est stars have also proper names, as Sirius, Arctut^s, Polaris, &e, 

I 553. If,inEq.(28),pdenote the radius of theei 
the annual parallax, d the star's distance, and u 
seconds in radius unity. That equation gives 
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§ 554. A line connecting the eavtk and a star ivould in the course of a 
year desciibe the entire surface of a cone of which the vertex would be the 
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star, and the base the orbit of the earth. The intersection of the nappe of 
this cone beyond the star with the celestial sphere would he an elhpse, and 
the apparent orbit of the star, aridng fiom heliocentric parallax. The 
greater aiis of this ellipse would be double the annual parallax. 

§ 655. The stars floating, as it were, in space, and being subjected to 
the laws of univeiBal gravitation, must each have a proper motion. In con- 
sequence of their v^t distances from one another this motion may be com- 
paratively slow, and their excessive distance fi'om us almost conceals it, re- 
quiring years to describe spaces sufficiently great to subtend sensible angles 
at the eai'th. By comparing the relative places of stars at remote periods 
this proper motion has beea detected and measured in a great many in- 
duces. 

I 656. Stars having the greatest proper motion are inferred to be near- 
est to us, and this has determioed the selection of certain stars in preference 
to othera in the efForfa which have been made to ascertain their paral- 
iaxes- 

§ 567. Two methods have been pursued. First, to find by careful me- 
ridional observations of right ascensions and declinations, cleared from re- 
fraction, nutation, aberration, and proper motion, the places of the star 
throughout the year, and thence the distance between those places most 
remote from one another. This is double the annual parallax. 

Second, after selecting two stai-s very near to one another, and of which 
one has an obvious proper motion and the other not, to measure with the 
beliometer or micrometer their apparent distances apart, and to cote the 
corresponding positions of the line joining them throughout the year ; then 
to construct therefrom, after coiTecting for proper motion, the annual path 
of the moving star. Its longer axis will be double the annual pai-allax. 
This second is greatly the preferable method. The stars being separated 
by a few seconds only, they will be equally aflected by refi'action, nutation, 
and aberration, none of these depending upon actual distance. The method 
supposes the apparently immovable star to be immensely distant beyond 
the movable one. 

By the iii'st method Professor HendeiBou found the parallax of d Cen- 
tauii to be 0".913 ; and by the second M. Bessel that of 61 Cygni to be 
0".34S. 

g 558. Assumingthe parallax of a Centauri = 1", to avoid multiplioifv 
of figures, substituting it for ir in Eq. (160), and writing the numetical 
value of u, we have 

- = - = 206285 (161) 
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and in this proportion at least must the distance of ihe fixed stai's exceed 
the distance of the sun from the eaith. 

Suhstituling for p its value, say ia round BUimhera 95,000,000 of miles, 
and wo liave 

d = 206265 X 95000000 — 19505175000000"', 

or about twenty billions of miles. 

g 650. Denoting the velocity of light by v, (he time I'eqnired for it to 
traverse the distance which separates the star from the earth by f, we have 
first, § 505, 

V = 192000™, 
and 

t = ~~ 3',23 ; 

that is to say, it would require light three years and a quarter to come 
trom the nearest fixed stai' to the eai'th. And as this is the inferior limit 
which it is already ascertained tiateven tbe brightest and therefore, in the 
absence of all other indications, the near^t stars exceed, what is to he al- 
lowed for the distances of those innumerable stai's of the smaller magni- 
tudes which tie most powerful telescopes disclose in the remote regions of 
the milky way ! 

I 560. The space penetrating power of a telescope, or the comparative 
distance to which a stiv would leqmre to be removed in order that it may 
appear of the same biightness thiough the telescope as it did before to the 
naked eye, may be calculated from the aperture of the telescope as com- 
pared with that of the pujd of the eje and from its power of refiecting or 
of transmitting incident light. The '^pace peneti'ating power of tie tele- 
scope employed on the g'iuge sfam refened to in § 550 was 75. A star 
of the 6th magnitude removed to 'Is times its distance would therefore stiB 
he visible, as a star through that m^tiument, and admitting such a star to 
have 100th part the hght of a "ifan lai I blai of the 1st magnitude, it wii! 
follow, from tie law of illumination and distance, that such standard star 
if removed 75 X 10 = 750 t mes ita distance would excite in the eye, 
when viewed through the telescope the same impression as a star of the 
6th magnitude does in the naked eye Among the infinite number of 
stars in the remoter regions of the milky way it is but reasonable to con- 
elude that there are many indinduals intnnsically as bright as those which 
immediately sun'ound us. The light of such stars must, therefore, have 
occupied 750 X 8.25 =: 2437.5 years in travelling over the distance 
which separates them from our own system. And it follows that when 
we observe the places and note the appearances of such stais, we are only 
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reading their histuvy more than two thouaand years befcre. Nor is this 
conclusion, startling as it may appear, to be avoided witLout attributing 
an inferiority of intrinsie illumination to all the stars of tlie milky way — 
an alternative much, lesa in haniiony, aa we shall see presently, with astiw 
nomical facts connected with other sidereal sjateins, leveided by the tele- 
scope, than are the views just taken. 

§ 561. Of some of the stars whose parallaxes have been determined, 
the values of the pai'allaxea, and the names of the discoverei-s, are given in 
this 

Table. 



a. Centauri . 


O.filS; 


Henderson 


61 Cygni 


0.348; 


Btssel. 


a Lyra 


0.261 ; 


Stmve. 


Sirius 


0.230; 


Hendeison 


1831 GTOombridgo 


. , . 0,226; 


Petei^, 


( Ui'sffi Majoris 


0.133; 


" 


Arcturus . 


0.12V; 




Polaris 


OOfiT- 


" 


Capella 


046 





§ 562. As lemi kpil m tht, Lpgmuiig of this ch ftpr the lery t =t 
telescopes afford onl} negative intoimation respecting the appiieut di im 
eteis of the stars The roitnd and well-defined plinetaiy di'is which good 
telescopes exhibit tre meic optical illusions, these disL& hmmishing more 
and more in pitpoition as the aperture and power oi the instiumeat are 
increased. And the strongest evidence of a total absence of peiceptibJe 
dimen^ons is the fact that in ocoultitions of the stars by the moon the 
extiacljous iXQ absolutely instantaneous 

If our sun weie lemoved to the listince of a Geiitaun its n\\ iient di 
aineterof32 3 i\onld be reduced to only ,0093, a quantity which no 
improvement of our pi'esent iDstrumenta can ever show with an apprecia- 
ble disk. 

§ 503. The star a. Cenlauri has been directly compai'ed with the moon 
by the method of § 545. By eleven such ccmparisons, after nnldng due 
allowances for known sources of error, it wis found thit thi" light of the 
full mooa exceeded, that of the star m the piopoition of SViOS to 1. 
Wollaston found the proportion of the sun's light to that of the moon to 
be as 8010V2 to 1. Combining these rasnlts, the lighi;_we receive from 
the sun is to tliat from a. Centauri as 21 0o5,000 0Li0 oi about twenty- 
two thousand millions to one. Hence, th illummtticn lemg miersely as 
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die square of the distance, the intrinsic eplandot of tiis star is to that of 
the sua as 2.3247 to 1. The liglit of Sirius ia fouf times that of a Cen- 
tauri, and its parallax onlj 0".230, which give to Sivius a splendof equal 
to 63 2 JH h 

§ 6 P todca Sta — M h ai^s, pa ts 

a wdgisdmf] pi^ sed 



th m m T 

IS subject to a cyclical fluctuation emhiacing eighty-eight such intetvals, 
and having the effect to shorten and lengthen the same about 25 days one 
way and the other. 

§ 566. Another very lemai'kable peiiodical star is that called /3 Persei, 
and also frequently called Algol. It is usiially visible as a star of the 
second magnitude, and an such continues for 2^ 13''.5, when it suddenly 
begins to diminish in splendor, and so about 3''.5 is leduced to tke fourth 
magnitude, at which it continues for about 15"'. It tfien begins to in- 
crease, and in 3''.5 is restoiwl to its usual brightness, going through all its 
changes in 2" 20' 48™ 58',5. Recent observations indicate that tliis peiiod 
ia on the decrease, and not unifoniilj, but with an accelerated rapidity, 
mdioating that it too has its cyclical pedod, and that instead of continuing 
to decrease, it will after a while be found to increase, 

§ 667. Tlje Stat S Cepkoua is also a periodical star. lis period from 
minimum to miaimuci is 5" 8" i^T 30*.5. The extent of its vaiiations is 
from the fiflli to between the third and fourth magnitudes. Its iuorease is 
more rapid than its diminution — the former occupying 1" 14", and the 
latter 3" IS". 

§ 668. The periodical star /3 Lyra has a period of 12" 21'' sa" lO", 
within which a double maxima and minima take place, the masima being 
about equal, but the minima not. The maxima are about 3.4, and the 
minima 4.3 and 4.5. Here again the period is subject to change, whicJi 
Tn itself periodical. 
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I 669. Numerous other periodical etai's ate recorded. These remark- 
able variations of brightness, and the laws of their periodidLy, have sug- 
gested tiie revolufion of some opaque body or bodies avound the stars thus 
distinguislied, which, becoming interposed at inferior conjunction, would 
intercept a greater or less portion of the light on its way to the earth. Or 
the stara may possess very different degiees of intrinsic illumination on 
different portions of their surfaces, which, being subject to periodical 
changes and presented to the earth by an asial rotation of the stars, 
would produce the phenomena in question. 

§ 570. Temporary iStars.— The irregularities above referred to may 
afford ail explanation of other stellar pheuoroeua, which have hitherto 
been regarded as altogether casual. Stars have appealed from time to 
lime in different parfa of the heavens blazing forth with extraordinary 
splendor, and aiter remaining a while, apparently immovable, have faded 
away aud disappeared. These are called temporary stars. One of these 
stars is said to have appeared about the year 125 b. d., and ivn.h such 
brightness as to be visible in the daytime. Another appeared in a. d. 389, 
near a Aquilse, remaining for three weeks as bright as Venus, and disap- 
pearing entirely. Also ia 945, 1264, and 15T2, brilliant stains appeared 
between Cepheus and Cassiopeia, which are supposed to be one and the 
same periodical star, with a period of 312, or perhaps 156 years. The 
appearance in 1572 was very sudden. The star was then as bright as 
Sirius ; it continued to increase till it suipassed Jupiter, and was visible at 
mid-day. It began to diminish in December of the same year, and in 
March, 1574, it had entirely disappeared. So, also, on the 10th of Octo- 
bai', 1604, a star not less brilliant burst forth in the constellation Serpen 
larius, which continued visible till October, 1605. 

§ 571. Similai' phenomena, though of less splendor, have taken placo 
more recently. A star of the fifth magnitude, or 5.4, very conspicuous to 
the naked eye, suddenly appeared in the constellation Ophiuchus. From 
die time it was first seen it continued to diminish, without alteration of 
place, and before the advance of the season put an end to the observations 
upon it, had become almost extinct. Its color was ruddy, which was 
thought to have undergone many remarkable changes. 

§ 572. The alternations of brightness of ij ArgQs are very remarkable. 
In 1677 it appeared as a star of the fourth, in 1751 of the second, in 1811 
and 1815 of the fouiih, in 1822 and 1826 of the second, in 1827 of the 
fii'st, and in 1837 of the second magnitude. All at once, in 1838, it sud- 
denly incieased in lustre so as to surpass all the sf.'ii's of the fli'st magnitude 
except Sij'ius, Canopus, and a. Centauri, TIkmi it again diminished, but not 
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Wow tte first msgnitude, till ApnJ, 1843, when it liad JncreasBd so as to 
surpass Canopus, aud naariy equal Sirius. 

§ 573. On careful re-examiDation of the beaveus, and compaiison of 
eataioguea, many Etars are missing. 

g 674. Double Stars.—M.aiiy of the stars when examined thi'oiigh the 
telescope appear double, that is, to consist of two individuals close to- 
gether. They are divided into classes according to tlie proximity of their 
component individuals. The first class compiises those only of whioh the 
distance does not exceed 1" ; the second th-oae in whict it exceeds 1", but 
falls short of 2" ; the thh-d those in which it ranges from 2" to i" ; the 
fourth from i" to 8" ; the fifth fi'om 8" to 13"; the sixth from 12" to 
16" ; the seventh from 16" to 24" ; and the eighth from 24" to 82", 

Each of fiese classes is subdivided into two othera, called respectively 
conspicuous and residuary double stars. The first comprehends those in 
which both individuals exceed the 8.25 magnitude, and are therefore sep- 
arately blight enough to be seen witli telescopes of very moderate capa- 
city ; the second embraces those which are below this limit of visibility. 
is of each class will be found in the following 

Table. 



Cl^is II.— 1" to a". 

5 Bootis i Orsa Mujoria 
iiCiiQ^n o- Corouffl Bor. 

CLA93 111.-2" TO 4". 

, \iTgmm ; Aquarii. 

6 S, rp^tis ? Orlmii.. 



y CoroHie Ahs. 


. Hjd™ 


K L^porla, 


i4 t is 




Class 


IV.— 4" TO 8". 




o Cnisb. 


e l>lllBE101>. 


^ CapTici. 


• , Endani 


a Hcrcnlia. 


r Cephol 


I Eooljs. 


W Ophmdii 




i Ononis 




1 Endoni 


S GcraiDOfora. 


^ Cygn, 


> Argua. 


3 Ec lam 


5 Coroiite Bor. 


{ Boota 


u Aurigffi. 


n., Herculia 
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r Ari.tls. 
y Delpliini. 


B CLBsiopUilD. 

fl Eridsinl. 
CiAsa VI.— 12" TO 18" 


/ Ecldnni. 
3 Caniim Ven. 


a CcntaurL 
P Cepliei. 
(3 Soorpii. 


.r VoUnas. 
p DrsiB Majorls. 
Class VII— 16" to 24". 


( Bootis. 
8 Moiiooerotis. 
61 CjgDi. 


aCanumVen. 

t HoraiLE. 
5 Piscinm. 


Scrpetitis. 
jc Coroiisa Aus. 
X Taurl. 

Class VIII.— 24" lo S2" 


24 Corns. 
41 Dr-iooiiis. 
61 Ophiuuhl. 


S Hcroulia. 
1 CaQcri. 


It Horciilis. 

. Ceplioi. 
f Draoonls. 


X Ciini^ri. 
2a Orionia. 



I 675. Triple, Quadruple, and Multiple Stars. — Stars wliicli e 
o these deaigaatious also occur, and of thena the most remarkable at 



jidromedie. 9 Orion is. 


i ecorpil. 


,yia. ^ Lapi. 


11 Moiiooerotis. 


Emori. ^ Buolis. 


12 Ljnoia. 



Of these, a Andromedm, (i Bootis, and /a .tii^ii, appear through I 
of ooEsiderable optical power only as ordinary double stars ; and it is only 
when excellent insti'uments are used that their oompanioEs are subdivided 
and found to be extremely close double stars, e Lyra offers the remarka- 
ble example of a double-double star. In telescopes of low power it ap- 
pears as a coarse double star, but on increasing the power, each individual 
is perceiyed to be double, the one pair being about 2".5, tlia other about 
3" apart. Each of the stare ^ C'ancn, | Scorpli, 11 Monocerotis, and 
13 Lyneis, consists of a principal star closely double and a smallei' and 
more distant atteodaut ; while fl OWow, (Fig. 11, Plate III,) presents four 
brilliant principal staw of the 4tb, 6th, Yth, and 8tli magnitudes, forming 
a trapezium, of which the longest diameter is 24".4, and accompanied by 
two excessively minute and very close companions, to perceive both of 
which is one of the severest tests that can be applied to a telescope. 

I 578. Of the delicate subclass of double stars, oi- those consisting of 
very large and conspicuous double stars, accompanied by very minute 
companions, tie following are specimens, viz. : 
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as Caprieorni. Aqiiarii, it Guininorum. x Eridani. 

a Iiidi. y HydrK!. ^ I'cisci. 16 Aiirigfe. 

« Lyra. . Ursa Major. T Bootis. 91 Ceti. 

§ SVY. Binary Stars. — Many of the double stars aro physically C' 
lected in such proximity to one anotW as to revolve about tlieir c 
;eiitre of gravity in regular orbits. These are called binary slm'S. Tiioy 
3ifFer from what are called ordinaiily " double stars" ia being so near to 
one another as to he kept asunder only by a rotary motion about a com- 
mon centre ; whereas the ind vid Is f a 1 hi ti 'e separated by a 
vast distance, and appear doubl ly is q eu t one being almost 

directly behind the other as s n f m th th 

§ 578, Tbe position micr m te "i tr m t t time the apparent 
distance between the places i t h h th f binaiy system are 

projected upon the celestial jl d 1 tl 

angle which the arc of a gr t 1 d wn i 
one to the other, makes with th n 1 p 
through either, assumed as th nt 1 bxly t 
these polar co-ordinates, tiie ajp t h p 
iected upon the celestial sphe as ly t ced 

§ 519. The relation which is fou d to CO ect the distances with the 
angular velocities shows the stars to he under the control of a central 
force, and the elliptical form of the orbit, with the eccentric position of 
the central star, is proof that this force can be no other than that of grav- 
''tati(/u. 

§ 680. Thus, the same principle which, under the influence of distance, 
Jirects the satellites about their primaries, and the primaries about oiu" sun, 
also wheels distant mns around suns, each, perhaps, carrying with it its 
system of planets, and each planet a group of satellites. 

§ 581. From the micrometrical measurements above referred to, and 
the intervals of time between them, the elements of the actual stellar 
orbits are easily computed,* A number of sets are ^ven in the following 
tahle: 

• See Memoirs of Kojat Astronomical Scciety, voL v., p. Ill- 
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§ 582. If the annual parallax of the system, the apparent semi-axis 
of the stellw orbits, and the earth's radius vector, be substituted respec- 
tively for P, s, and p, iu Eq. (29), d will become the number of liiieai' 
r.nita in the mean distance between the stars. 

Assuming the data of the table, selecting a Centauvi, and niiikiiig 
J = 15".5 and P = 0.913, we have 

*^^ -^. P^ 16,977. p . . . .".(162) 

0.913 '^ '^ ' ' 

whence the stellar orbits of tc Centauii are (§ 422) about nine-tenths that 
of Uranus. 

§ 583. Denoting by T the periodic time of a body about its centi'e, we 
have, Analijl. Mechanics^ § 201 , 

ill which a is the mean distance, v the ratio of Uie circumference to diam- 
eter, and k the intensity of the central attraction at the unit's distance, 
For a second body 



but from the laws of gravitation k and k' are directiy proportional to the 
attracting masses, and we have 

Mahingd = ^, a' = d = 16.977 p ; T=l year, and T'= 77 years ; then 
wiil -3f denote the mass of the smi and J/' tliat of the central star of 
a Centauri, and we have from the above proportion 

11' ' 

tliat if, the mass of the centra! star is a little over eight-tenths that of 

§ 584. Color of Double Stars. — ^Many of the double stars present the 
curious phenomena of complementary colors. In such instances the larger 
star is usually of a niddy or orangj hue, while the smaller one appears 
blue or green, Tlie double star j Oancri presents the beautifid contrast of 
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yelloiB and him ; j Andronudce, crimson and green. Where there is 
great diiTei'ence in thp roagnitiides of fhe individuals, the larger ia nsually 
white, while tlie Bnialler may be colored ; thus, ij CassiopnitF. exhibits the 
beautiful combination of a large white star and a sniall one of a rich niddy 
purple. If this be not tlie mere optical effect of contrast of brightness, 
what variety of illuminatjon two suns—-& red and a blue one, a crimson 
and green one — must afford to the inhabitants of planets that ciroulate 
around them, having sometiiaes both suns above their horizon at once and 
at others each in. suoeeBaion, thus producing an alternation of red and blue, 
crimson and green days ! Insulated stars of a red color, almost as deep as 
.blood, occur in many parts of the heavens. 

§ 586.. Proper Motions of the Stars. — Aa might be expected from their 
mutual attractions, however enfeebled by distance and opposing attractions 
from opposite quarters, the stars are found to have si proper motion, which 
in the lapse of time has produced a sensible change of internal airange- 
nient Thus, from the time of Hippirchu* 130 years b c to a r. 1717, 
eighteen hundred and f rt y h j us ta S us, Arc- 

turns, and Aldebaran f d to 1 h d fi 1 1 1 1 respect- 

ively Z1', 42', and 3 th ly d t B d th 1: rvations 

of mode™ astronomy j th t 1 m t \ lly f The two 

stara 61 Cygni are f 1 t h t d bly h 1 their dis- 

tance apart for the 1 t fifty y r^ I 1 th h li tf 1 tii places in 
the heavens in the m t I 1 th 4 23 givi annual 

proper motion to each f "i 3 Ot th tar t d bl d way dif- 
fering from the r^t y th se bl [ t I Id d / Casdo- 
peim have the gi'eate t p p m t m imt 11 t 7 .'74 and 
3".74 respectively. 

§ 586. Proper Motion of the Sun. — The inevitable consequence of a 
])Toppr nioiTon in our snn, if not eqnjdly participated in by the rest, must 
lie a slow average apparent tendency of all the stars to the point of the 
celestial sphere fi'om which the sun is moving, and a corresponding retro- 
cession from the opposite point — and this, however greatly individual stars 
may differ from such average by i-eason of their own peculiar proper mo- 
tion. This is the necessary eifect of parallax, and has been detected by 
.ibstii-vation. 

By properly treating the observations on the stars of the northern hemi- 
sphere, the solar apex, as it ia called, or the point towards which the sun 
was moving at the epoch of 1790, was in right ascension 250° 09', and 
norfli polar distance 55° 23'. The soiif.hem stars gave, by a similar mode 
of treatment, right ascension 260" 01 , iind north polar distance 55° 37' : 
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re'^nlfs v nc'iilj idcntiL^l as to remove all doubt of tte snu'a proper 
motioL 

5 5S7 All ^lnlogy would lead to tlie oonclusion that the sun is de- 
scribing an orhit of \ ^t extent about tlie eenti'e of gravity of the group of 
Bt-us ot which it foiras a single member, and of which the milky way ia 
to us but the distant trace, while this group may itself be moving as a 
BiDgle system aiound seme other and vastly distant centre, A line drawn 
tangent to the solar oibit in 1790 pierced the celestial sphere near the 
stars (t Hercalis and a. Cchtmba, the sun being then moving towards the 
former and fiom the latter And the result of calculations thus far gives 
to the sun i -i elocity of 422,000 miles a day, or little more than one-fourtH 
the earth's late of annual motion in its orbit. 



KEBULJi;. 

§ 588. Besides the stars whioh appear as shining points, there are 
cloud-like patches of light to be seen scattered hei'e and theie over the 
celestial vault. These are called nebulm. They present themselves under 
great variety of shapes and sizes, as exemplified in Figs. 12, 13, li, Platea 
III. and IV., and exhibit in the telescope different characters of internal 
s^-ucture witli every increase of optical power. They ai-e very unequally 
distiibuted over the heavens. In the novtliem hemisphere, the hours 3, 4, 
5, 16, 17, and 18 of right ascension are singularlypoor, while the hours 10, 
11, and 12, especially the latter, are exceedingly rich in these objects. In the 
southern heiuisphere a much greater uniforinity prevails, with two remark- 
able exceptions, to be noticed presently. Tliey have no decided tendency 
to any pnrticidar re^on. 

§ 589. When viewed through the telescope, many nebulje are resolved 
into stars, and the number that thus yield their cloud-like aspect increases 
with every augmentation of instrumental power. Nebulie are therefore 
classified, with reference to their appearance through the telescope, into 
resolvable, irresolvable, planetary, and stellar nebidw, and nebular stars. 

§ 690, Besolvable Ifehulw. — These are v&Ma&y aaWeA clusters af stars. 
Some are very brokea in outline, while others are so regular as to suggest 
the prevalence of some internal action productive of symmetri.cal arrange- 
ment among their internal parts. 

§ 501. Irregular clusters are much less rich in stars, and much less 
condensed towards the centre. In some the stars are nearly of the same 
size, in others very difierent. The gi'oup called the Pleiades, in which sis 



-dbyGoogle 



IQQ SI'HERICAL AHTEONOMY. 

or seven stai's raay be counfed with the naked eye, and fifty or sixty with 
the telescope, is one of the moat obriuns examples of this class. Coma 
Berenices, represented in Fig. 15, PJata IV, is another such group. 

§ 592. Globular Clusters. — These take tiieir name from Iheir round 
appearance. They are much more difiitiult of resolution, and some have 
fi'equectly been mistaken tor comets without tails. When viewed through 
the telescope, they ai'e found to be composed of stars so crowded together 
as to occupy an almost definite outline, and to run up to a blaze of light 
towards the centre, where their eondensatioa is gi-eatest. It would be vain 
to attempt to count the stai's in these cluatera ; some have been estimated 
to contain five thousand, within an area not greater than the tentli pait of 
the lunar disk. 

§ 593. Elliptic Nehui<£,- — The figure here again suggests the name. 
They are of all degree of eccentricity, from mBderately oval to elongations 
BO great as to be almost linear. In all, the density increases towai-ds the 
ceoti'e, and generally their internal strata approach more nearly tlie spheri- 
cal form than their external. Their resolvability is greater in the central 
parts; in some the condensation is slight and gradual, in othere gieat and 
sudden. 

Tlie largest and finest specimen of elliptic nebulaj is in the Girdle of 
Andi'omeda, ^ven in Fig. 12, Plate III. 

§ 594. Annular nebulce also exist, but are very rare. The most con- 
spicuous of this class is found between ^ and y Lyrje, and may be seen 
through a telescope of moderate power. The central vacuity, Fig. 18, 
Plate IV, is not quite dark, but appeal's as a light-colored gauze stretched 
over a hoop. The powerful telescope of Lord Kosse resolves this nebula 
into excessively minute stai's, and shows filaments of stars hanging to 
its edge. 

I 695. Spiral Jfebulw. — These are most curious objects. Their dis- 
covery is but very recent, and is due to the powerful instrument of Lord 
Eosse. As their name indicates, they appear to consist of a spiral or vor- 
ticose arrangement of stars diverging from a centre, and suggest tlie idea 
of a vast self-luminous mass of matter, travelling to a common destiuation 
along separate cuvvihuear paths Tl e r form and gene -^I ipf an e i e 
represented in Figs. 17 and 18 Plat's I\ and V 

§ 596. Planetary Nebulce —The e take the r ame f om the j I et 
hke disk which they present. In some n Ian es tl ey 1 ei a ] f t re 
semblance to a planet in th s ■espect, he ag ound o al ghli I and 

quite sh'irply terminated. In son e tl e Hum u'it on ? pc -f f I q ble 
b othcia mottled, and of a p ul te tu la f en II 1 11 
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paraUvely rare, not above four or five and twenty Laving been observed, 
and of these nearly three-fourtha are in the southern hemisphere. They 
are sometimes colored; one, whose right ascension in 1831) was 10'' IB™ 
36', and nortJi polar distance 101° iT, is of a sky-b!ue ; it is slightly ei- 
liptieal, and has an- apparent diameter of 30". One of the largest of these 
objects is near p Ursa Majoris; ita apparent diameter is 2' 40", which, 
supposing its distance not gi'cater than 61 Cygai, would iuiply a linear 
one seven times gi'eater than Neptune's orbit. TJie light of this sfupen- 
dous globe is perfectly equable, except at the edge, where it is slightly 
softened. The Roase telescope ia rapidly transfemng t!ie planetary to the 
annular and spii-al nebula. 

§ 59T. Double ^ebulce. — These occasionally occnr, and the constituents 
ai'e moat commonly spherical, and belong, most probably, to the globular 
clusters. Figs. 19 and 20, Plate V. 

I 598. Nebidous Stars. — These consist of stars surrounded concentric- 
ally by ft perfectly circular disk or atmosphere of faint light. Figs. 21 and 
22, Plate V ; in some cases diminished gradually on all sides, and in others 
suddenly terminated. In right ascensions 7" 19" 8', 3" 58'" 36', and north 
polar distances 68° 46', 59° 40', are stars of the eighth nrngnitude sur- 
rounded by photospheres of the kind just described, respectively 12" and 
25" in diameter. 

I &^^. Mhatms Double Stars. — In 5ig. 23, Plate VI, ia represented an 
elhptical nebula having its longer axis about 50", in which, symmetricaiiy 
placed and rather neai'er the vertices than the foci, are the equal individuals 
of a double star, each of the 10th magnitude. In a similar connection. 
Fig. 24, Plate VI, represents two unequal stara atuated at the extremities of 
the major axis. In right ascension 13'' 47"", north po!ar dislance 129'^ 9', 
is an oval nebula of 2' diameter, having near ifs centre a close double star 
of the 9.10 magnitude, not more than 2" asunder. Other inslances might 
be adduced of nebute uniting great peculiarities of shape with regularity 
of outline. 

I 600. Irregular IfehuliB. — Besides the nebula just described, fhere ia 
a class totally different in character, being of great extent, uttei'ly devoid 
of all symmetry of form, and most remarkable for the extent of their con- 
volutions and the distribution of their light. No two of them cai] be said 
to present any amilarity of aspect, and tie only thing in common ia 
their locality, which ia in or near the bordei-s of the milky way, tiio most 
remote being that in the swoi'd handle of Oiion, about 20° fioin the gat- 
lactic circle, and represented in Fig. 13, Plate 111. But cv'cii this is in the 
prolongation of a feint offset of the milky way. 
11 
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These nebuliE may be grouped into four great masses, which occnpy fh<* 
legions of Oiion, oi Aiqo oi Sagittarius, and of Cygnus. 

I 601, The Magellanic Clouds, or the Nubeeulce (Major and Minor), 
aa tliey are called ra eelestnl maps and charts, are two nebulous or cloudy 
masses of light (,onspi(,uously visible to the naked eye in the southern 
hemisphere, ind m appearaiiLe and brightness resemble portioDs ol the 
milky way of the same size. Tiiey are in shape somewhat oval, the larger 
deviating most from the circular form. The larger is situated between the 
hour circles 4'' 40"' and 6'' 40"', the parallelii 156° and 162° north polar 
distance, and occnpies an area of about 42 square degrees. The lesser, 
which is between the hour circles 0'' 28" and 1'' IS", and the parallels of 
162° and lOo" north polar distance, coveis about tea square degi'ees. The 
general ground of both consists of large tracts of nebulosity in every stage 
of reaolubdity, from light irresolvable up to perfectly separated staiB like 
the milky waj', including groups sufficiently insulated and condensed to 
come un lei the designation of irregular and globnlar clusters, the latter 
being in every stage of condensation. In addition they contain nabulai 
objects quite peculiar, and which have no analogy in any other part of the 
heavens. Globular clusters, except in one region of small extent, and neb- 
uliB of regular elliptic forms are comparatively rare in the milky way, but 
are congregated in greatest abundance in parts of the heavens the most re- 
mote possible from the gallactic circle ; whereas in tlie Magellanic Clouds 
they are indisciiminately mixed with the general stariy gi'ouud. 

I 603. itegarding the nubeeulce as spherical in form, and not aa vastly 
Jong vistas foreshortened by having their ends turned towai'ds the earth — 
which would be improbable seeing there are two of fliem close together — 
the brightness of objects in their nearer portions cannot be much exagger- 
ated, nor those in its remoter much enfeebled by difference of distance. 
It mnst, therefore, be an admitted fact that stars of the 7th and 8th mag- 
nitudes and irresolvable nebute may coexist within limits of distance com- 
paratively small, and that all infet-ences in regai'd to relative distance 
drawn from relative magnitudes must be received with caution. 

S5 603. Our Sun, a Nebulous Star. — Vai'ious plieuomena indicate that 
our sun is itneh a nebulous star. The chief is that called the zodiacal 
hfjht, whiLli may be seen on any clear evening soon after sunset about the 
months of Maich, April, and May, and at the opposite seasons of the year 
just befoie stinnse, is a conical ly-shaped light, extending from the hori- 
zon Hpwiida in the direction of the sun's equator. The apparent angular 
Jistimco of its lertex .rfrora the sun S varies from 40" to 00°, and its 
breiith at ita iT'e, perpendicularly to ii? length, from 8° to 30°. Every 
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ciFcmristsnce conneeted with it radicates it to be ^'=- ^ 

a lenticulaiiy formed enyelope suirounding the ^ 

ma and eitendngbeyond the oibts of Mucu J Ms2LginJ._ ■ 
and Venns <ini e en to ti e E^ith ts e t x . ^\ 

haviiig been seen 90° f om the suii in a g f t "^v^'X 

orcle Efferent f-irts ot the heaiens furnish "^ 

example of =mi)ar fmFg,6 2G'' ^ 

PJdte VI 

§ 604 leiolies—'N t\ n^jieietf t! at the [<ut!L!es of this vast ma- 
tei'ial envelope may have tangible size and be at gi'eat distances apait, and 
yet compared with the planets, so called, be but as dust floating in the 
sfinbeam. It is an established fact that masses of stone and lumps of 
iron, called Aerolites, do occasionally fell upon the eavth fiom the upper 
re^ona of the atmosphere, and that they have done so since the earliest 
records. On the 26th April, 1803, one of these bodies foil in the imme- 
diate vicinity of the town of L'Aigle, in Normandy, and by its explosion 
into fragments, scattered thousands of stones over an ai'ea of thiitj' square 
miles. Four instances ai'e recorded of peiaons having been killed hy the 
descent of suoli bodies, and after evei^ vain attempt to account for them 
as coming originally from the earth, and even from the moon, by volcanic 
projections, their planetary nature is Eow generally admitted. Their heat 
when fallen, the igneous phenomena \Yhich accompany them, their explo- 
sion on I'caching the denser legions of our atmosphere, ai'e accounted for 
by the condensation in front of them created hy their enormous velocity, 
and by the relations of air, in a highly attenuated state, to heat. 

§ 606. ifetews.— Besides these more solid bodies, ofliers of much less 
density appear also to be circulating around the sun at the distance of the 
earth fi'om that luminary. These on coming \Yithin the atmosphere ap- 
pear as shooting stars, followed by trains of light, and are called Meteors. 
They appear now and then as gi'eat fiery balls, tiavereing the upper re- 
gions of the atmosphere, sometimes leaving long lumiaous trains behind 
them, Bometimes buisting witli a loud explosion, and sometimes h 
quietly extinct. Among these latter may be mentioned th.& r 
meteor of August 18th, 1783, which traversed the whole of Europe, from 
Shetland to Rome, with a velocity of 30 miles a second, at a height of 60 
miles above the earth, with a light greatly surpasang that of a full moon, 
^nd diameter quite half a raile. It changed its form visibly and quietly, 
separated into several distinct parts, which proceeded in parallel direc- 
tions, each followed by a train. 

§ 606. On several occasions meteors have appeared in astonishing 
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numbers, iailing like a shower of jookets or flakes of sniw, illuminating 
at once whole continents and oceans, even in both hemispheres. And it 
ia Bignifieant that these diaplajs have occurred between the 12th and 14th 
November and 9th and Uth August. In Novembei' they are much more 
brilliaat, but their returns less ceztain than in August, when numerous 
large and brilliant shooting-stars \vith trains are almost sure to be seen, 

§ 607. Annual periodicity, irrespective of geogi'aphical location, points 
at once to the place of the eiith in its oibit as a necessary concouiitaot, 
and leads to the coDciu=ion that st that place the earth entei's a stratum, 
or annular sti'eam of meteono planet'* m their pio^ress of circulaiiciii 
around the sun. The earth pluBgmg m ite annual course into a ring of 
these bodies, and ofsnch thi kness as to be triveisedin a day or two, their 
motions, referred to the earth as at rest, would bo sensibly uniform, recti- 
linear, and parallel. Viewed from the centi'S of the eai-th, or from any 
point on its sui-fece, neglecting the diuma! as being insignificant in com- 
parison witb the annual motion, their paths wi»ild appar to diverge from 
a common point on the celestial sphere. Now this is predsely what hap- 
pens. The vast majority of the November meteors appear to desoiibe ares 
of great circles passing through 7 Leouis, and those of August appear 
to move along paths having a common point in /3 Camelopardi. 

§ 608. As the ring may have any position and be of an elliptical fig- 
ure having any reasonable eccentricity, both the velocity and direction of 
each meteor may differ to any extent from those' of the earth, so there is 
nothing in the great difference of latitude of these meteoric apices at all 
opposed to the foregoing conclusion. 

I 609. If the meteoric planets were uniformly distributed in the sup- 
posed ring, the earth's annual encounter with them would be certain if it 
occurred once ; but if such ring be broken, and the bodies revolve in 
giTjups, with periods differing from that of the earth, years may pass with- 
out rencontre, and when such happen, they may ditfer to any extent in 
intensity of character, according as the gi'oups encountered are richer 01 
pool'er in the number of their elements. 

§ 010. From cai'eful observations, made at the extremities of a base 
50,000 feet long, it has been inferred that the heights of meteors at the 
instant of first appearance and disappeai'ance, vary from 16 to 140 miles, 
and their relative velocities from 18 to 36 miles a second. Altitudes 
and velocities so great as these clearly indicate an independent planetaiy 
circulation round the sun. 

§ 611. It is not impossible that some of these bodies may have been 
converted by the superior attraction of the earth, arising from greater prox- 



-dbyGoogle 



EPHEMEEIDES. 165 

imity, into permanent satellites ; aifd there are those wbo believe in the 
oxiateuce of at least one of these bodies, which completes its circuit about 
the earth in about 3'' 20"', and therefore at a mean distance of about 
6000 miles. 

EPHEMEEIDES, 

I 612. The facts and principles now ejpkiu(;d enable us to predict the 
aspect of the heavens, or positions of the heavenly bodies, for all future 
time. This prediction is usually drawn up in the condensed fonn of tables, 
which are called ephemerides. The table relating to any one body is called 
the epkeneris of that body, as Oie ephemeris of the sun, of the moon, &e. 

§ 613, Ephemerides are prepai'ed in advance to subserve the wants and 
promote the interests of navigation, geography, and chronology, as wel! as 
of future astronomical discovery and reaeai'ch, 

§ 614. To facilitate the computation of the ephemeris of a body, it is 
usual firet to constract what are called its tahles ; and tlie manner of doing 
this may b^t be explained by taking a particular example, say that of the 
sun, or rather the emth, since this is the moving body ; but as the plac« of 
tiio sun, as seen from the earth, diffei's from that of the earth as seea from 
the sun by the constant 180°, we shall speak of the sun. 

I 615. We have seen, § 197, how the mean Jongitude of the sun, his 
mean motion, longitude of the perigee, and eccentricity, may be found 
from observation and computation. These elements being found at epochs 
widely separated from one another, the changes which take place in the 
last three, and the rate of motion of the perigee, are ascertained. 

§ 616. Having fixed upon any epoch, say mean noon or midnight, Ist 
January, 1800, any interval of time, either after or before the epoch, mul- 
tiplied by the mean motion of the sun in longitude, will give the increase 
of mean longitude during that interval, and being added to the mean lon- 
^tude at the epoch and the sum divided hy 360°, the remainder will give 
the mean longitude at the beginning of the interval, if it be before, or end, 
if it be after the epoch. These longitudes, with the corresponding dates, 
being tabulated, give what is called a tcAle of epochs, which tells by simple 
inspection the mean longitude on any given day, hour, minute, and second. 

§ 617. The same process being performed with reference to the longi- 
tude of the perigee and its rate of change, gives a corresponding table in 
which the longitude of the perigee is found. 

I 618. Eesuming Eq. (o), Appendix Mo. V., and causing m t', which 
is the moan anomaly, to vary from 0° to 360°, eorrespond'ng equations of 
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the centre will I'esult, and these properly arranged form a fable of equations 
of the centre, of whicli the arguments, as they are called, are the mean 
anomalies. Then causing tlie eccentricity to vary according to ascertained 
rates, the same equation gives the elements of an additional table by which 
the equations of the centre may be corrected from tiina to time. 

§ G19. Nutation causes the tme equinox to oscillate about a mean 
place, its distance therefrom being equal to the algebraic sum of two func- 
tions, of which one depends upon the longitude of the moon's node, the 
other upon the longitude of the sun, and both upon the obhquity of the 
ecliptic. Tables containing the values of tliese functions for aaaumed places 
of the moon'3 node and of the sun, give the numbers whose sum is equal 
to tte equation of the equinoxes in longitude. 

§ 620. In addition, the larger of the planets, especially Venus and Ju- 
piter, disturb the earth's orbit. These peiturbations are computed by pi'o- 
oesses in physical astronomy, and their values aiTanged under heads that 
gne the angular distances of the disturbing planets from the eai'th as seen 
from the aun, and, together with the place of the moon's node, furnish the 
aiguments witii which other tables are entered that g^ve the corresponding 
effects upon tbe sun's longitude, 

§ b21 Ijjstly, as the purpose is to find the place where the sun's centre 
js to be seen, provision is made for the effect of abeiration. This in 
the case ot the aun is nearly constant, and equal to — 20".25, because 
ot tiie small eccentricity of the eai'tli's orbit, the gi'eatest variation tiere- 
fioiii bemg less then,0".36. This constant is included in tlie epoch tables. 

§ 622, Epkemeris of the Sun. — We are now prepared to find where the 
sun has been and where he will be on the celestial sphere throughout time. 
For this purpose, enter the table of epochs with the date take out his meiu 
lon^tude and the lon^tude of the perigee ; the dift II b tl e m an 

anomaly, with which enter the table of tlie eqaat f the ntie d 

take out the coiTeaponding equation ; add thia to bt a t t f on tl e 

mean lon^tude according to its sign, and the result w II b th t u 1 
gitude of the sun as affected by nutation and pe tuibat ons Take th e 
latter from the appropriate tables, and we have 

True longitude of mn =: mean longitude 4- equation, of the centre -\- 
mitation or equation of equinoxa in longitude -'r perturbations. 

I 623. WitJi tKe ti'ue longitude and obliquity of the ecliptic, we pass, 
by spherical ti'igonometry, § 149, to right ascension and decli-nation. 

I 624. The mean anomaly in Eq. (n), Appendix V., gives the corres- 
ponding ti'ue anomaly ; and the latter in Eq. {c), same Appendix, gives the 
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radius vector i-, which in equations (28) and (29) give the correspond- 
ing horizontal parallax nnd apparent diameter. 

§ 625. The mean longitude coiTected for the equation of the equi- 
noxes in right ascension, and diminished by the right ascension, gives 
the equation of time. 

§ 626. These and other elements being determined at different epochs, 
say for every noon on some flsed meridian, their consecutive differences, 
divided by the number of hours between the epochs, give the houtly 
changes, and therefore the means of finding the value of the elementa 
themselves for any other meridian. 

The elements with their hourly changes make up, when properly tabu- 
lated, an epJieimris of the sun. 

§ 62'?. Epkemeris of the Moon. — The motion of the moon is altogether 
more iiregular and complicated than the apparent motion of the sun, owing 
mainly to the disturbing action of tliis latter body. But these and other 
perturbations have been computed and tabulated, and from these tables, 
including those of the code and inclination, the places of the moon in her 
orbit are found in much tlie same way as those of the sun ia the ecliplio. 
The mean m-hit longitude of the moon and of her perigee are fiist found 
and covrecfed : their difference ^ves her mean anomaly, opposite to which 
in the appropriate tahle is found tlie equation of the centime, and this being 
applied with its proper sign to the mean orbit lon^tude ^ves the true 
orbit longitude. 

§ 628. Let £! be the earth, if tie moon, ^'k- »»■ 

V the vernal equinox, VM' an ai'c of the 3f<:^7^^' 

ecliptic, FQ of the equinoctial, andil/ilf'of a ,-'' \ P-- 

circle of latitude; then will MM' he the y-'' \ I ''/Q 

latitude and VM' the longitude of the moon, E<<-... \ / / 

FJV the ioDgitude of the node and VMIN' \ y\ / 

4- NEM the orbit longitude of the moon. "'•■, /Sf 

Subtiacting from the orbit longitude of v^ j 

the moon the longitude of the node, the re- 
mainder ^Jf will be the moon's angular distance from her node. This 
and the inclination MNM' will give, in the right-angled triangle MNM, 
the latitude M.M and the side NM', which latter added to the longitude 
of the node NY gives the longitude VM'. The latitude and longitude, 
together with the obliquity of the ecliptic, give, § 153, the right ascension 
and declination. The radius vector, equatorial horizontal parallax, apparent 
diameter, &c, are computed as in the case of the sun. And thus an 
ephemeris of the moon ia oonsti'ucted. 
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§ 639. Ephemeris of a Planet. — From tables of a planet its true orbit 
longitude as seen from the sun is found, as in the case of the niooa as seen 
from the earth. From the heliocentric orbit longitude, heliowniiic longi- 
tude of the node, aad inulination the heliooenfi'io longitude and latitude, 
together n h tLe rid us ecto are found j t as the coireaj ond ng geo- 
eent e elements of the moon are found f o n s n hr hta reht ng to the 
lu a o b t and fi m the hel o n 
tnc Ion t ie lat tude ^nd a 1 s ^ 
■we fiss to the geocent c 



th s 



LtP 



th 



J t on f tl p anet n ( 
e ot he eel pt D i 
nl ^ h jirall s & J 
he emil e jn u 



id 




Then 



and b 



FS r 1 e oUi h 

r' = >S'P ^ radius vector of planet; 

X= VSO = heliocentric longitude of planet; 
X' = V'EO — geocentric longitude of planet; 

B ^ P S = heliocentric latitude of planet; 
&'^PEO = geocantric latitude of planet ; 
S = 0S£! = commutation ; 
^ S E ^ heliocentric parallax ; 
E= SEO = elongation ; 
O = V'ES = longitude of sun. 



but 



VST= V'ES=Z%0°— O, 

S= 180° — (360°— 0) — \—<S — 180° — X; 

■hence the commutation is known. Then in the plane triangle OES, 

r' cosd + j- : /cosd — / : : tan ^ (.ff+ 0) : iaa^{E~ 0); 

S+ + E= 180°, 



whence 



^{^4- O) = 90°- 



S 



(le;::) 
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Substi luting this abpve, we have 

tan h {E~ 0) = mi\ S . - /^ ^ .-— ; 
^ ^ ' ^ f' cos fl + J- ' 

and making 

r' cos a 
tan X = - ^. ■, 

t {E- 0) = eotl 6^. |''"^7^ = coti^toii(x-45°). . (164) 
' fan X + ^ / V / 

K K f m Eq (163) tlie lialf sum of B and 0, and flora Eq. (164) 

tl llfdff no,^ and become known. 

A In ha 

(1G5) 







r. 


= E^ 


-{ZQQ" — Q) = E+ Q ~ Zm° . . . 


§ 631. 


Agf 


.k; 


PO 


^E0.iw6' = SO. lau 6 ; 


whence 








tan S' SO sin E_ 
tan S ~ Wo ~ siu S ' 


and 








sin E 

tan B' — tan J . -^ — -r, 



(160) 

From equations (165) and (166) the geocentric longitude and latitude be- 
come known. 

§ 632. Denote by r" the distance jSP of the planet from the earth; 
then will 

EO-.r" cosS' and 6'0 = )-'tosO; 

and in the Uicmgh E S 

r" C03 fl' : j-'cos 3 : : sin 5 : sin E; 



The right ascension, dechnation, horizontal parallax, and apparent diam- 
eter, are found as in the cjae of the sun and moon. 

§ 633. The ephemerides most commonly used in this country are those 
computed for the meridian of Greenwich, England, and published several 
years in advance imder the title, "Nadtioai Almanac and Asthonom- 
iCAL Epkemekis." 
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CATALOGUE OF STARS. 



§ 634. Another important, indeed iudiBpenaable auxiliary to practica. 
astionomy, is a catalogue of stars. This coi^ists of a list of certain stars 
arranged ia the order of tlxeir right ascensions, with the means of obtaining 
tlie right ascensions and declinations of the places in which they appear at 
any ^ven epoch. 

§ 035. Ej precession, § 15'7, nutation § 156, ind aberration § 215 
the right ascension and declination of i star aie ever vaiymg 

The place of a star referred to the me tn equinoctial and mein equinox 
ia called its mean place; that refened to the tiue equmoctnl -md true 
equinox, its true place; and that in which it is seen lefeired to the tiue 
equinoctial and fine equinox, its apparent phce 

The true place is equal to the mean, collected lor mititioii , and the 
apparent place is equal to the true, coirer ted for abenifion The true and 
mean places ai'e found fiiam the appaient, by appljini:; tho "^ame correc- 
tions, with their signs changed. 

§ 636. The apparent places of the stara are usei as points of lefeience 
on the celestial sphere ; and knowing the uffht aicensiow^ and dechnations 
of these pla<ies, tliose of the apparent place of my other ibject become 
known also when the distance of the latter in right ascension and declina- 
tion from one or more stars is found by iastrnmental measurement. 

§ 637. Annual Precession. — The annual precession for any year is, 

Luni-solar = 5(i".Bl5l2 —yx 0".OOO2436890, 
General = 50".31129 + y X 0".0002442e66 ; 

in which y denotes the number of the year from 1750, minus when before 
that epoch. 

I 638. The epoch of the catalogue which will be referi'ed to hereafter, 
that of the British Association, is Jamiaiy 1st, 1850. Making y = 100, 
and denoting the nutation of obliquity hy ^ u, we have 

a (u = 6".2500 ooa Q - O".O903 cos 2 Q + 0".09[)0 cos 2 ]) -f 0",6447 e03 S ; 

in which SS denotes the mean longitude of the moon's node, 1> the true 
longitude of the moon, and O the longitude of the sun. 

§ 639. And assnming the mean obliqnity of the ecliptic for 1S50 equal 
to ij = 23° 27' 31", we have then for the nutation in longitude, denoted 
by .^i, 

A t^ - IT'.aOlY Bin Q -f- 0",20S! mi'lQ.- 0",2074 sin 30 ~ 1",2552 tin 2 
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§ 640, Denoting this equation of the equiuoxes in rjglit ascension by 
^ A, we Lave 

a.A = - 15".872 eiu Q + 0".192 sin 2 Q — 0".190 sin 2 5 - l".60O sin 2 ©. 
§ 641. Denoting tlie right ascension and declination of any body by 
a, and S respectively, and by ^ and p', ils change in tlie samo due fo an- 
nual precession, tlica will 

p = 46",0591O + 2O".05472 sin a . tan<5 . . . (108) 
p'=20".054'Z2 cosa (169) 

§ 842. The cliauge in right ascension and declination for any fractional 
portion, of the year will be found by multiplying the above by 

/= rs7-rr =^0.00273785 xd .... (17o) 

111 which d denotes the number of days from tbe beginning of the year to 
the end of the fi'action. 

§ 643. Denolingby^a^andJSjthechaugein right ascension and dec- 
lination arising from nutation, then, omitting terms involving sin 2 D , will 

.i.eosai 
S..o.2Q[(in) 
in o . tan i) . sin 20 - 0".B4B cos o . tan J . cos S© 1 

A i, = 9".250 . sin tt . cos S3 — 8".888 cos a . sin Q 
— 0".090anacos2a -h 0".083 cosa .sin 2 S 
+ 0".545 sin a . cos 2 — 0".500 cos a . sin 2 S 

§ 644. Aherratimi. — Denoting by iioij and ^S^ the change in right 
ascension and declination arising from abeiration, disregarding the eccen- 
tricity of the earth's orbit, 

Ans^-(20".4200B;nO.BiQa+lS*'7332co3O C03tt).5ec3 . . (173) 



= -(15".87a-i-6".B88: 


ainfl.tani).Bin JJ-9".25(1 


+ (o".191+0".083 8Jn 


a.tan;).8in2fl+0",OBO< 


— (l''.15H-0".B00.eii 


i...tani).sin20-O".B4B. 



= - pO".*200 tin O . cos r. _ IS'Msaa 003 G Bin a) sin & \ 



(174) 



§ 645. Multiplying Eq. (l7l) by Eq. (IVO), adding together tbe prod- 
uct and equations (171) and (173), and denoting the apparent right as- 
cension by a. and the mean by a', there will result, after suitable reduction, 

a _a = Aa = (i-fl.E43slii£^ + 0.0l)4sln2J3-0.0aofin2©)XC*fl"-05S-]-ar.0fBGiiiotBni) 

- (9".260 COS Q - 0",090 cos 2 S3 + 0".515 eoa 2 O) . cos a . tan i 

- 20".4SO ain © , ein a . mo i 

- 0".05BO Bin £J -f 0",000 sin 2 Q — 0".C)039 ein 2 O. 
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Mu/tiplying Eq. (IV2) by Eq. (170), adding together tlie product and 
equations (171) and (174), and denoting the appai'ent declination t>y S and 
tlie mean by 5', we also have, after reduction, 
l'^i= Ai = (t- 0.34S Bin 43 + 0.004 sin 2 fl - 0.025 sin 2 G) xa0''.O55 cba o 

- U".1S2 COS Q (tan b . cos S - jin a . sin 1). 

Neglecting the thi-ee last terms in t\ie value for A h as insignificant, and 



£= -20".420sm O, 




C=t~ 0.025 sin 2 G — 0.343 sin Q, + 0.004 sin 


2 Si, 


J)=~ 0".545 cos 2 S - 9".250 coa ft + 0".090 


cos 2 fi, 


a = cos a . sec i5, 




6 = sin a . sec S, 




c = 46".059 + 20".065 sin ». . tan S, 




d = com. tan S, 




a' = tan u . cos <5 — Kin a . sin 5, 




&■ = cos a . tan 5, 




c' = 20",O53 cos a. 




d' = - sin a ; 




the above becomo 




Aa. = a.A-\-b.B-^c.C-\-d.D . . . 


■ a^'5) 


£^S = a'.A + b'.B-^c'.C-\-d'.B . . . 


• 076) 



§ 646. Proper Miiiion. — To the foregoing must be added the proper 
motion of the star when it is known with sufficient accuracy, and is ot 
sufficient magnitude to be taken into the account. 

Equations (173) and (174) etiable ns to pass from the apparent to the 
true, or from tlie true to tLe apparent right ascension and declination of a 



§ 647. Since the motion of the equinoxes is very slow, the values of the 
functions a, i, c, d, a', b', </, and d' will he sensibly eonsfant for a number 
of yeai's, particularly when the stars are not very near the poles, while 
those of the functions A, B, C, and D vary sensibly from day to day. 
These latter are, therefore, computed for every day in the year, and their 
logarithms recorded in the astronomical ephemeris; the others are com- 
puted for the epocli of the catalogue, and tJicir logarithms recoi'ded oppo- 
site each star in the catalogue. 
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§ 648. Construction of the Catalogue.— The eleraenta relating to eaoli 
stai' ocflupy a portion of the two pages exposed to view on opening tlie 
catalogue. On tte left-hand page will be found every tiling relating to 
right ascension, and on the right, to declination. The left-hand page con- 
siata of eleven vertical columca : in tbe first is placed the number of tlu; 
star, in the order of its right ascension ; in the second, the name of the con- 
stellation in which it is situated, with it^ letter or number; in the thiid, 
its magnitude; in the fourth, its mean right ascension, Januaiy 1st, 1850, 
in time; in the fifth, its mean annual precession in .right ascension, Eq. 
(168), reduced to time ; in the sixth, its secular variation, reduced to time ; 
in the seventh, its proper motion in right ascension, reduced to time; and 
in the eighth, ninth, tenth, and eleventh, the logacitlima of the functions 
a b e ind d reduLfxl to time iptpectiiely each preceded by the ligu of 
the function to which it belongs The iigl t h^nd pige consists ot fittt^en 
vertical columns m the tift of which the number of the stai is lepeattd 
the eeconi contains the mciin north polar distance JanUTiy 1st 18^0 
the third fourth and hfth the annual piece=sion secular lanati n lud 
piopei mo* on in north pclar distance icpectivelj the sixth '^venth 
eighth, and mnth, the Jogauthms of the functions a h e in 1 rf re- 
spectively each precede I by the ijgn of the function to which it be- 
longs the icinaining coliimns contain the nuniHi's by wl ich the stai is 
recogmzel m tl cital _,ues t th ic\ il iitl s wh e i m s aie it 

Example — Pequired the pjircnt r 
y Ononis Fcbruirj 5th 1154 



Mean a 


January lat, 1850 . 


5 17 osisa 


Me-mN. P. D. . . . 


83 i1 2S.7 


4 jear 


preo. and pr. motion 
Jannary lat, 1854 . 


+ 12.88 


4 j'rs' pi- 
Mean N. 


candpr.moti 
P. D. . . . 


on - K.9 


Ueano 


7T7l8..1 


. SS 47 10.8 








loss. , 


Nat Hoa, 




i^ss. 


Kal. Noi 


a 


. -1- 8.0963 




a' . 


-9.5120 




A 


, - 1.1303 




A . 


- 1.1303 




aA 


. - 0.2326 . 


- OM-Il 


a'A . 


+ 0.U483 


. f4".449 


b 


. -1- 8.8188 




b' . 


— 8.3039 




B 


. + 1.1443 




B . 


+ 1,1443 




bB 


. -I-9.9GS1 . 


-F 0.919 


b'B . 


— 9.4482 


. — 0.281 
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+ 0.5070 
- 9.2812 



h l.lSOi 



. — 0,005 
1= + 0.129 



app't N. P. D SS" • 



. - 0.!>121 




. - 0,2812 




. + 9,8533 ■ 


+ 0.713 


. + 3-0023 




. — 0,5T13 




. - 0„363G 


' — 3.061 


A K". p. D. 


= + 1.220 


8'.21+0',13= 5" 17"' 18',34 


0",eO + l",22 = S 


4T 13".02 



APPLICATIONS. 
TIME OF CONJUNCTION AND OF OPPOSITION. 

§ 649. To find from tte epKemeris the time atwKicli two bodies are in 
coujunction or opposition, find by iuspection two simullaneons longitudes, 
cue for eacli body, that differ by 0° or 180°. The coiTssponding time 
of the first will bo that of conjunction, and of the second of opposition. 

§ 650. But if these longitudes are not to be found in the tables, take 
therefrom two consecutive longitudes for each body, such, that those of 
the first shall differ from those of the second, in order, the least possible. 
Then, denoting the Iraser and greater longitudes of the body having the 
greater velocity by I' and I", those of the other by l^ and t^^ 
and the corresponding times by t' and l", we have, because th 
of each are given for the same epochs, 



whence 






:: L- 



n 



(i"-n-{i„-i,)' 

m which X denotes the interval of time from (' to conjunction, 
noting the epheraeris time of conjunction by T„ we have 

I ii.-i'}{t "~n 
(i"-n-(i.-Q ■ ■ 



t' + x = t' - 



§ 651. Increasing the longitudes of one of the bodies by 180°, 
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lecting' tliose of the other to differ the least possible from these iDcreased 
longitudes, then will T, become the time of opposition. 

§ 652. 3", is the local time on tlie meridian for which the ephemeiis is 
computed. Denoting the longitude, in time, of any other meridian west 
of tills one by L, and the local time of conjunction or opposition by T, 
then will 

T= T,-L {1T8) 



ANGLE OF POSITION. 

§ 663. The angle made by a circle of latitude 
with a circle of declination through the centre of 
a body, is called the angle of the bodj/'s position. 

To find this angle, let P be the pole of the 
ecliptic, jP' that of the equinoctiiil, and iS the cen- 
tre of the body, and make 

X = 90=— P S = latitude of the body ; 

S = 90°— F' S ~ declination of the body ; 

ts T^ P P' = obliquity of the ecliptic ; 

S = P 3P' = angle of position : 




5 + cos X . cos d . CI 
r - sin X . sin .5 



; 65-1. If the body be tho sun, then will X = 0, and 



(179) 



(180) 



PEOJEOTIOrr OF A SOLAE ECLIPSE. 

§ 655 A solar eclipse lan take pHte only at ne« moon Find the 
efhemeiia timp of the moon's (oiguncfion with the aim Then, by the 
method of interpolation, determine the Rim's true longitude jnd hourly 
motion in longitnde , the moon's true longitude and latitude, and hourly 
motion in longitude and latitude , the sun's and moon s honzontal paral- 
laxes, and apparent aemi-diametors, and tho sun's angle of position. 

§ 656. Conceive a cone tangent to tho earth, and of which the vertex 
is at tie sun. A section of this cone, by a plane between the eaith and 
sun, will give an area upon which the sun's centre will appear to he pro- 
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jected wh.en viewed from different parts of the eartih. A section at the 
distiinee of the moon from the earth, and perpendicular to the axis, ia 
called the circle of projection. 

§ 657. The diumal rotation of the earth eanries an observer once around 
his paraUe! of latitude in 24 hours ; a line connecting him with the centre 
of tlie sun, describes an entire conical sui'fiice in the same time, and a sec- 
tion of ttiis cone by the circle of projection will be the parallactic path of 
the sun as determined by the axial motion of tlie earth. This ellipse and 
the relative orbit of the moon, with a scale of time on each, indicating the 
tdmulteneous positions of the sun and moon, being constructed upon the 
plane of projection, all the drcumstances of a local solar eclipse may easily 
be predicted. 




§ 668. Sun's Parallactic Palh. — Let P (?/"ir be a meridian section 
of the earth by a declination circle through the sun's centre at iS ; .ff the 
eartii's centre ; P the elevated pole ; f? H the projection of the equator ; 
BAh. bse p ViV ij h circle ofprojeo- 

tio h h =e Th J £ , of ^ S on the 

cir h 5 S b he conjugate, and 

th d h p p p d ular ia A£, the 

tran '=^ h p^e h fi b and h second peipendic- 

ularto tile decimation uicle thiough the sun. 

§ 659. Make 

P = E N'U':^ moon's hoiizontal parallas ; 

1= AE H = reduced latitude of place ; 
d = HE S = sun's declination ; 
p = EA = earth's radius ; 
u = number of seconds in radius. 



-d by Google 



PROJECTION OF A SOLAR ECLIPSE. 
Draw AO, B D, and F K perpendicular to E S, and we have 
J (7 = p . sin (; - <;) ; BD = ^.mi{l + d); 



ES=f.-; EM= p . — ; 
whence 

«'='(;-?)=f''--pi-- 

From tlio figure, 

Then in the triangles S C^l and S M A\ 

SO : SM :: AC : A'M, 

and by suhstitufion 



A'M=^ P . - 



^{i-d) 



sj>=::SS + ED = p . - + p . COS (; + ,;) ; 

and in the same ivay as above, from tho triangles S D B and S" MB', 
«:m ■"(' + ") ^--^ 



But * can never exceed 9", and u is equal to 206264".8, so that the 
terms into which * 4- u entoi's as a factor may be neglected, auil we have 

MA' ^f.sm{l-d).^~ (]81) 

Jf_e' = p. sin (; + <?).—- (182) 

From which we see that liie length of the projection of auy dimension 
at the earth, and parallel to the circle of projection, is found by multiply- 
ing this dimension by {P — *) -^ P. 

§ 660, Denoting the conjugate axis A'B' by 2 6, we have 
2h = MB' -MA'; 
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and by substitution, 



(183) 



and because ttat diameter of tlie parailol of latitude, which is perpendio* 
ular to -d 5, is parallel to the plane of projection, we have, denotiug the 
semi-tranavei'se axis of tlie ellipse by a. 



And denoting the distance MP from the centre of the circle of projec- 
tion to that of the ellipse by Y, we have, taking half sum of equations 
(181) and (182) 

F^p.sin/.costi.:^-^ (185) 



I 661. Kevolve the parallel of latitude about A B till it coincides ■with 
the meridian section. When t!ie observer is at A, it is to him apparent 
noon; whea at .B, apparent midnight ; when at 0, tlie angle O-P^ is the 
apparent hour angle of the sun, and therefore local apparent tinae, 




Draw T perpendieulai' ^ AB, and S L thTough the point T. The 
projection oi F L will give the distance of the sun from the transverse, 
and that of O 7* his distance from the conjugate axis of his elliptical path. 
Denote the fiist by y, tlie second by x, and tlio tour angle FA by h. 
Then 

FO=.FA^ p.coa i; 

r = p . cos ; . sin A ; 
#2"= p.cosLcosft; 
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and acce FL T is sensibly a right angle, tlie value of E S U, wliich is 

much greater tliaa ^52", never exceeding 9"; and because FTL-=. 

£/"£/> =:rf, wo have 

F L ^ F T .mn d ^ ^ .(xsl .<i(x.h .WL d\ 

and projecting F L and T on the circU of prajectJou, tlici'c will result 

P — -a 
jr = p.oos Z, sin rf.cos h. — p— .... (18G) 

P — -a 
at = p . C03 Z . sin A . —p~ (187) 

But p -=- P is the linear subtense of the unit of arc in wliiob P is ex- 
pressed — say one minute. Calling this distance unity, equations (183), 
(184), (185), (186), and (187) may be written 

6 = cos;.sinc? (/"- ir') (188) 

« = cos i. (/"-*') (189) 

r = sin i . cos rf . (/" - ■.r') (190) 

y = cos Z. sin rf. cos A. (/"-*') . . . (191) 

ic= cos i. sin k.{P' — i/) (192) 

§ 662. Let Cbe the centre of tlie circle of projection, CiVthe trace 
of a circle of declination through the sun's eentre on the plane of projec- 
tion. Take the distance (?,F equal to F, Eq. (180); through F di'aw 
A A' perpendicular to CiV, and make FA = FA' ^ a,Eq. (189); take 
FB = FB' = 6, Eq. (188) ; and making, successively, A equal to 15°, 
30°, 45°, &o., in Eqs. (LSI) and (192), construct the corresponding hour 
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points of the parallactio path of the sua's centre. The geometrical con- 
Btmetion of this path is indicated in the figure. 

§ 663. Moon's geocentric relalive orhii. — Substitute in Eq. (180) the 
values of « and S, and make the angle JVCi equal to the reaultiug value 
of iS ; the line CZ will be the trace of a circle of latitude on. the circle 
of projection. Make CD equal to the moon's latitude at conjunction, 
and draw Z* J? perpendicular to OL and equal to the excess of the mooc's 
hourly motion in longitude over that of the sun; draw S^ perpendicular 
to SJ) and make it equal to the moon's houriy motion in latitude ; 
through H and D draw an indefinite straight line ; this line will represent 
the mooa's geocentric relative orbit on the plane of the circle of projection. 

§ 6B4. Scale of time on Ike Moon's geocentric relative orbit. — Make 

m — moon's hourly motion in longitude ; 

» = " " " latitude ; 

S = sun's hourly motion in longitude ; 

i = L I) 11=: inclination of the geocentric relative orhit to circle of 
latitude through the moon at conjunclioa 
m' = moon's hourly motion on relative orbit : 



coti= ■ (193) 

Fi'om the ephemciis time of conjunction take the longitude of the place 
n time, the remainder will be the local time at which the moon's centre 
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is at 7), Lfit e denote ita esoeiss above the next precediog whole hour, anii 
a the distance from D to the moon's centre at that hour : then will 



= (m 



Moi.e (196) 

and laying off this distance from D to the west on the relative orbit, we 
have one poinf, and the entire hour on the scale of time indicating the 
portions of the moon at different times. From this point lay off distances 
to the west and east equal to the value of m' in Eq. (194), and there will 
result a series of points cowesponding to the entire hours, as indicated in the 
figure. In the example before ua, the local time of conjunction is about 
2''.33 p. M, the hour point 2 falling about 0.33 of m' to the west of I). 

§ 665, Parallactic relative orbit of t/te Moan. — The apparent path of 
the moon in reference to the sun's centre, as seen from the eaili's surface, 
is the inooris relative parallactic mbit fo conitruct this path, draw 
through the sun's places on his parallactn, pith and the moon's places on 
her geocentric relative orbit, at the same hours hnes respectively pirallel 
and perpendicular to CN", Fig. 108 , a =ene3 of lettangle? mil thus be 
formed : the sides of these rectangles which tennm ite in the "sun s pkces 
will be the co-ordinates of the moona puallactic lel'ktuH otlit,iii lefer- 
ence to the sun's centre, regarded as fi^ed 

FI&I04. 




For example, draw S Y and M X parallel and S X and M Y pei-pen- 
diculai' to C^; then making S X and S Y, in Fig. 104, respectively 
equal and parallel to SXand S J^in Pig. 103, and drawing XMs.nd 
y"J/"reapec.tiveiy parallel and perpendicular to iSJV, their intersection Jf 
will give a point in the parallactic relative orbit of the moon. Tliis point 
in the example of the figure corresponds to 3'. Other points being con- 
structed in the same way, the orbit sought and its scale of time may be 
completed, 

§ 666. Beginning, Ending, and Greatest Oiscuration. — The hour in- 
tervals on the scale of time being suitably subdivided, with tJ as a ceiitie 
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and radius equal to the sum of the apparent semi-diainetera of the suu and 
moon, describe aa arc cutting the parallactic relative orbit of the moou in 
the points to and m, ; the coiresponding numbers on the scale will he the 
times of beginning and ending, tlie former l>eing at m and the latter at sn,. 
Fi'om S draw S 1% perpendicular to the nearest portion of relative orbif, 
the number at m^ on the scale will give the time of greatest obscuration. 
Also Q Q' will be the quantitj- of the eclipse. 

§ 6e7. The Angle 6f First Contact. — With S as centre and radius 
equal to the ann'a apparent semi-diameter, describe the circumference 

V WZ ; with m and m, as centi-es and radii equal to the moon's apparent 
semi-diameter, describe two other circumferences. The tangential points 
B" and S" will be those of first and last contact respectively. The for- 
mer of these it is important to know in advance to guide the observer's 
attention in his eftbita to note the actual time at which the solar eclipse 
begins. The angular distance of this point fram the highest point or ver 
tex of the sun, measured around the solar disk, is called the angle of first 
contact. 

§ 668. To find (h\'< mgie tr'm^fei the point m, which is at 2\5, to the 
cori'esponding point S on the parallaclii, path of the sun, Pig. lOS, and 
draw C S'. This line will repie*:ent the trace of a vertical circle through 
the Sim's centie on the cucle of projection, because every such circle must 
pass through the earth's centre, and therefore contain the point C. Ma- 
ting the angle ^5Fin Fig. 104, equal to X'C:S' in Fig. 103, the point 

V will be the vertes of the solar disk and VSm the angle of firet contact. 
,§ 969. By this construction, the be^nning of a solar eclipse may be 

predicted within one minute of its actual occurrence, and this will in gen- 
er;il be sufficient for the practical purpose of indicating the time to look for 
the instant of first contact — one of the most important el 
in the determination of terrestrial longitude. 



e shaU 
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For 3 fuli ami complete investigation of the whole subject of eclipses, 
occultations, and tvausits, see Appendix XI., which consists entirely of the 
admirable paper of Mr. Woolhouse, fi:^ published as an appendix to the 
British Nautical Almanac for 1836. 



PBOJEOTION OP A LUNAE EdlPSE. 

§ 670. Duniig a lunar eclipse, the earth's sliadow resis, as it were, upon 
the actual surfkce of the moon, and depiires it of a portion of the solar light 
which it would otherwise receive and reflect to a spectator on. the eai'th. 

§ 671. A section of the earth's shadow at the moon will have the same 
parallax as the moon, both being at the same distance fiom. the earth ; and 
regarding ir as appertaining to tie centre of this section, P — -^ will be 
zei'o ; Y, a, J, x, and y will, equations (188) to (192), be zero, and the 
parallactic path of the eai'th's sliadow 'oa the plane of projection will re- 
duce to a point. 

I 672. Regarding, tliei-efore, S, in Fig. 104, as the centre of a section 
of the earth's shadow at the moon, and V WZ as ils circumference, tlien 
will mvh^i represent, not the parallactic, but the geocentric relative orbit 
of the moon. 

§ 673. Hence, to project a lunar eclipse, find trow, the ephemeris the 
time of opposition or full moon, the corresponding values of the moon's 
latitude, hourly jDotion in latitude, longitude, hourly motion in longitude, 
horizontal parallax, and apparent semi-diameter; also the sun's longitude, 
ho.uily motion in longitude, horizontal parallax, and apparent semi- 
diameter. 




g 674, Then, with S as centre and radius equal to that of the earth's 
shadow at the moon, Ec[. (148), describe the droumference VWZ. Drstw 
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iS JV to represent an arc of a circle of latitude ; make S equal to the 
moon's latitude at opposition, and conati'uot tlie moon's relative geoeent«o 
path and scale of time, as in § 663-4, "With S as centre and radius 
equal to that of the earth's shadow, increased by the moon's apparent 
semi-diameter, describe an arc cutting the relative orbit in B and S, and 
let fall from S the perpendicular S M oil the relative orbit. The numbers 
on the scale of time at B, M, and E will give respectively the time of he- 
^nning, middle, and ending of a lunar eclipse. 



TIME OP DAT. 
■ § 675. The imperfection incident to all machinery mates it impossible 
to construct a time-piece to run accurately to mean solar or sidereal time. 
The best efforts result only in approximations; and when these are made 
to the utmost attfflnable hmits, it must remain for astronomical observa- 
tions and eomputafions to do the i-est by detecting and applying from time 
to time tile amount of error. 

I 676. Time by Meridian, Transits. — When the sun's centre is on the 
meridian it is apparent noon; and twelve hours or tweaty-four hours (ac- 
cording as it is dvil or astronomical time), corrected for the equation of 
time, ^ves the mean solar time at the same instant. When a star is on 
the meridian, its right ascension, in time, is the sidereal time at that in- 
stant. And the most simple and accurate method of finding the time, 
and, therefore, the en-or of a time-piece, is to note the indications of the 
latter when the west and east limbs of the sun or a star cross the wires of 
a transit instrument properly adjusted to the meridian. A mean of these 
indications gives-the watch time of the transit of the sun's centre in the 
fltst iase, or that of the star in the second. The difference between the 
first aud the mean solar'time gives the error on mean solar time; and 



-dbyGoogle 



TIME OF DAT. 



betweeQ tbe second aud the star's right 

It is not, however, always possible to use 
the transit, and recourse must be had to ob- 
servations off the HiGTidiaii. 

§ e7V. Solar Time hy a single Alhtade 
— To find the mean Bolar time and erioi ot 
time-keeper irom one oteened altitude ol 
the Sim : Let P be the pole, Z the zenith 
ajid S the place of the sun's centre ; and 

a = true altitude of sun's centre = 
d = true declination of sun , ^ 
i= latitude of the -place . ■ = 
P= hour angle Z P S\ 
£ — error of the watch ; 

T^ = watch time of obseiTation ; 

T^ = apparent time of observation ; 

T„ = mean time of observation ; 
• E ^: equation of time. 



the error on sidereal 

Tig, 106. 




Then,; 



e triangle F Z S,ve have from spherical trigonometry, 



n/^^ 



-,(±4/55 



(S-H). m{S + d)\ 






- 21 = TT ^ + -^ - 



(18J) 



(US) 
(100) 



The latitude of the place of obsen-ation is supposed known. The value 
of e requires, in addition, the values of o, d, E, and T„ to be known. 

To find a and T„, measure with a sextant and artificial horizon, or other 
instrument for taking altitudes, the altitude of the upper or lower limb of 
the sun- — say the lower^ — and note the precise indication of the watch at 
the instant. T^ is thus found, ai:d 
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a = observed altitude of the lower limb — refi'acUon + apparent semi- 
diameter of the sun -\- the sun's parallax in altitude. 

To find rf, convert the watah time — supposed not gieatly in error, other- 
wise the estimated local time of obseivation — into the con^esponding local 
time on the meridian for which the ephemeris of the san is computed, say 
that of Greenwich ; tate from the ephemeris the sun's declination for the 
next preceding mean noon, and also the hourly change in declination ; 
then 

d = declination at the preceding noon ± its hourly change multiplied 
into the Greenwich time of observation ; 

the upper agn to he used whea the declination is increasing, and the lower 
when decreasing. 

To iind E, take from the ephemeris the equation of time for the next 
preceding mean coon, and the hourly change ; then 

S ~ equation at the preceding mean noon ± its hourly change into the 
Greenwich time of observation. 

§ 6'18. It is usual to avoid the correction for semi-diameter by clamp- 
ing the instrument at some assumed altitude, and noting the time, by the 
watch, that the upper and lower limb of the sun attain this altitude. 
The mean of these times will be the time when the sun's centre had this 
same altitude, and it will only be neeessaiy to correct the observed altitude 
for refraction and parallax. 

§ 679. It is to be remembered that P has, Eq. (197), the double sign : 
the positive answers to the case in which the hour angle is west, or the 
observation is made in the afternoon; and the negative to that in which 
the hour angle is east, or the observation is made in the morning. lu this 
latter case, -^ P must be replaced by 12" — ^^ P M civil, or 24" — ^^ P 
if asti'onomieal time be sought 

This process for finding the error of a time-piece is called the method of 
megle altitudes. 

§ 680. Sidereal time by a single Altitude of a Star. — Proceed exactly 
as in § 677-9, using the declination and observed altitude of the star for 
those of the sun, connecting the altitude for refraction only, and find the 
value of y'j P, to which add the right ascenaon of the star as found from 
the catalogue ; the sum will be the sidereal time. 

I 681. The rules for converting solar into sidereal time, and the re- 
verse, together with tables for facilitating the same, are given in the solar 
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§ 682. Time of Sunrise and Sunsft. — At the mstant of appaiect sun- 
rise, the sun's centre la in the hoiizon; the ^ppaient altitude of its lower 
limb is equal to minus ifs apparent semi diameter, and a, m Eq (187), 
becomes the difference betiveen the horizunt il refraction "iiid paiallas. 
Making this substitution hi Eq. (197) we find F, and that, in Eq (198) 
^ves T^. 

§ 683. Time by Equal Altiiudes. — If the rqh retained unchanged bis 
declination, equal altitudes would correspond to equal horn angles, and the 
half sum of the watch times, augmented by 6' when the (Hal-plate is di- 
vided into 12, and 12'' when divided into 24 horn's, would ^ve the watch 
time of apparent noon. Twelve or twenty-four hours, dependmg upon the 
dial-plate, corrected for the equation of time would give the mean time of 
apparent noon, and the difference between this and the coiTesponding 
ivatch time would give the en'or. 

But the sun is evei' changing his declination, and when the effect of the 
change is to lessen his distance fixim the elevated pole between the obser- 
vations, his hour angle in the morning will he less than in the aftei-noon at 
equal altitudes ; the watch time of apparent noon, as above found, would 
he too late, and must he coixeoted hy subti'acting therefTOm half the exc^s 
of the evening over the morning horn- angle. Conversely, when the effect 
is to augment the distance from the elevated pole, the morning hour angle 
will exceed tlie evening ; the watch lime of apparent noon, as found by the 
rule, will be too eaily, and must be augmented hy half the exce^ of the 
morning over the evening hour angle. 

Denoting this correction hy t„ its value in seconds of time "ill, Appen- 
dix XII,, he given by 



.\&-ad 


■ 1440 tan 


t 


+ S .ta\il 


■ 1440siu'(li 




1410! 


t 


\t ' 






1440 tan 7. 


V ^' 




(; = 


+ A.S. 


tan. 


I-IS .5 . 


twd . . . . 



(200) 
In which 

( = the interval of time between the observations In hours ; 

I = latitude of place ; 

d = declination of aim at noon of the day ; 
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i T= double daily variation ia. decimation, or cliaiigo from noon of pre- 
ceding to noon of following day. 

The value of A will be negative for apparent noon, aad positive for ap- 
parent midnight. 

The logarithms of the values of A and S are given in Table IV., for 
every two minntes, from two hours up to twenty-three ; the latitude of the 
pliice must be known ; the declination is found as in § Ott, and 6 is ob- 
tained fl'om the ephemeris 

§ 684. Change of almospJiei ic temperature and of pressure — In what 
precedes it is supposed that when the mei^uied altitudes iie equi!, the 
tine altitudes are so likewise , but this depend upon the state ot the air 
remaining the same between the obseivitioni If the b^iometei and ther- 
mometai; vary, the retriction will vaiy, and the true altitudea will le un 
equal when the observed are equal A fuithei collection becomes thete 
fore necessaiy, and ila value is the increment or decrement of the hour 
angle 'of the sun, which would change his altitude bv t quantity equil to 
the difference between thp moinmg ind evening retiaction The amount 
of this correction, denoted by (,, ind expieiaed in '-econd* ot time is 
Appendix XIII., given by 

(/-■■) COS. 

" *" CCS ; . COS li . am P ^ ' 

in wiiicb 

r = morning refraction, in seconds of arc ; 
t' = evening refraction, in seconds of arc ; 
P ^ half the interval between tlio observations in arc ; 
a = altitude of sun ; 
d ^ declination ; 
I = latitude of place. 
This process for finding the time of day, or error of a time-piece, is ca.llea 
tlie method of equal altitudes ; and the value of t„ in Eq. (200), is called 
the equation of equal altitudes. 

I 685. The altitudes should be taken on or near the prime vertical, 
since in that position the altitudes change most rapidly. 



§ 686. In surveys and geodetic operations, it is necessary to determine 
■ the bearings of objects in reference to the meridian of the station from 
whicii thcj ai'o seen. These bearings are measured by the angles at the 
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1S9 



zenith included between the vertical circles tlirough the objects and the 
meridian. 

§ 687. True Bearing. — To find tLe true bearing of an object from a 
^ven station. Tata the instrumental bearing of the object and of some 
heavenly body, and add their'difterencs to the true azimuth of the body ; 
the sum will be the tiiie azimuth of the object. 

To find the ti'ue azimuth of a heavenly body, note the time its insti'u- 
mental bearing is taken. 

Let Z be the zenith, P the pole, and S ^'s- 1"- 

the heavenly body, say the sun or a star ; 



P^ 


hour angle Z P S ; 


1= 


latitude of place ; 
declination of body ; 


T«^ 


mean aolar time of observation ; 




apparent aolar time of observa- 




tion ; 


^* = 


sidereal time of observation ; 


Ae = 


right ascension of mean sun ; 


A = 


right ascension of a star. 


Then with the sun and mean solar time, 


B have 






P = 15. 3;= \5{T^±E) (202) 
With the mean solar time and stai', 

P = li{T^-^A^-A^) 
With the sidereal time and the si 

P = 15{T^'~ Ats±E) 

With the sidereal time and star, 

P = 15 {T^-A^) . . 

Also make 

ffl = ZP = 90° — /; 




5 = PS = 



90° ■ 



A — the angle PZ S ^ 180" — azimuth o 
I = " " Z S P. 
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n the triangle Z I* S, from Napier's Analogies 



tail ^ (yl + g) = cot ^ i* . - 
tan ^ (A — g) = cot ^ P . ' 



■^U^-^) 



(208) 



(207) 



used for 
)m elon- 




„i(J + 

from which A becomes known. The angle i, or that at the body is tech- 
nieally called the angle of variation. • 

§ 688. The north star, called Polaris, h 
this pui'pose, particulai-ly when it has its 
gation. At that time the verfical circle through the 
Btar is tangent to its diurnal path, and its diurnal 
motion will be in altitude alone, and not at all in azi- 
muth, thus affording time for taking a series of azimu- 
thal distances. 

To find the time when Polaris or other circumpolar 
star haa its greatest elongation, observe that the angle 
of variation is at that instant 90", and in the right-an- 
gled triangle P Z S, right-angled at iS, we Lave 

cos P = tan 5 . cot ip (208) 

and 

T^ = A^^ + j-V . cos-' [tan J . cot <e] . . . . (200) 
Also 

sin A = ^^ (210) 

I 689. "When the bearing of the sun is taken, the lino of collimation 
must be directed to one or the other extremity of his horizontal diameter ; 
to the bearing of whicJi must be added the horizontal semi-diameter re- 
duced to the horizon, which is equal to the tabular semi-diameter divided 
by the coane of the sun's altitude. 

§ 690. Variation of ike Compass, — From the foregoing it will be easy 
to find the variation of the compass, or, as it is freqnentiy called, the dec- 
lination of the magnetic needle. For this purpose it will be sufficient to 
take the magnetic bearing of some heavenly body and note the time. 
Then &obi the time and equations (206) and (207), computing the trua 
azimuth, and taking the difference between tlia magnetic and ti'ue azi- 
mutiis, the problem is solved. 

Or, if the true bearing of any terrestrial object be known, we have only 
to subtract it from the magnetic hearing, as determined by the compass, 
to obtain the same result. 
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§ 691. At sea, or on land where the ob- 
861 ver la suirjunded hj piainca oi B\tended 
pUina It la usual to tAe the tnag-netic 
beariug of the sun a centre by observing 
alternately the opposite honzontal limbs at 
tie tuQs- of lining Thfii lu the tu 
2 S P, we have 




Z S = 90° + refraction — parallax =^ 
and making 



It will be sulficient to regard the horizontal refraction and parallax as 
constant, and tho former equal to 33' 45" and the latter to 8" ; thus ma- 
ting 

i;= 90° 33' 3T". 

MERIDIAN PASSAGE. 

§ 692, It is often desirable to know in advance what will be the indi- 
cation of a sidereal or mean aolav time-piece at tlie instant a given body is 
on the meridian. This indication will measure the hour angle of the ver- 
nal equinox, or of the mean sun at the instant, according as tlie time- 
keeper is running to sidereal or mean solar time. 

§ 693. Time of Meridian Passage. — To find the local mean solar time 
of a given body coming to the meridian, make 
i = the time required ; 
j4', = right ascension of mean sun at this time ; 
A' =; right ascension of the body at the same instant ; 
A, = right ascension of mean sun at Greenwich, mean noon next pre- 



A = right ascension of the body st the same instant ; 
s = hourly change of mean sun in right ascension ; 
m = hourly change of body in right ascension ; 
I = longitude of place in time. 
Then the time at Greenwich corresponding to tho focal time (, i 
: + Z ; and 

A\ = J, -f s {t + T}, 
A ^A ^-mit + l); 
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and since all the elements are expressed in time, the difference of right 
ascension of the sun and body, when the latter is on the meridian, must 
equal ( ; whence 

A'- A\=^A + m(i + l)- A,-s{t + l):^t\ 

<=^^^ (-^) 

in which A, A„ m, and s must be expressed in the same unit, say hours. 
§ 604. If the body should be a stav, tlieu will m = 0, and 

'=^^^ (-') 

G95. If a planet with retrograde motion, to would change its sign, and 
. . (214!) 
If the sidereal time weve asked for, then would A, — 0, 



^ A-A,-l{m + s) 
1+m + s 



= 0, and 

, A + l 



and if the body bo a star, then m = 0, and 
i = A. 



REDUCTION TO THE MERIDIAN. 



(215) 



§ 69Y. Some of the most important ^itiorcm cil detprmmstons le 
pend upon the measured zenith hstiinces or alt tuies ft a, body iihen on 
the meridian; but these me^uiement'! it is not always cnuTenient n r 
possible to make, and besides it is de^ dble to multiply meisurem^nts 
as much as possible to secuie tlie idiantag of a genoral iverage m el m 
inating errors of observations The puipose of the ne\t. ji j.o iti n j" 
therefore, to pass from a measured zemth di'-tance or altitude takpu when 
the body is off the meridian to what it a ould hare been had tho bodj 
been on that circle. 

The difference betweoa any two zenith distances, applied with the proper 
sign to eithet', will give the other ; and when one is the meridian zenith 
distance, this difference is called the reduction to the meridian. 

§ 698. Eeduclion to the Meridian. — To find the reduction to the me- 
ridian. 
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Fig. 111. 



Let i' be the pole, Z the zeoitl., S a 
star, 5 jtf aa aro of ttie star's diurnal circls 
cutting tte meridian \ii.M, S tiie arc of 
a borizoDtal circle through the star, and 
cutting the meridian in 0. Mate ^ 
z = ZS-ZM=^ZO -ZM=x':- 

duction to meridian ; 
I = latitude of place ; 
d = declination of star ; 
F = hour angle Z P S ; 
g = zenith distance Z S. 
Then because 

PZ = 00°-^; !• 3 = 
we hare in the triangle P Z S 

cos a = sin ? . sin i + cos I 




and substituting this we get 
cos s 1= sin ? . sin d + c< 



■S i . CI 



■s?.! 



i' 4 -P. . 



= cos (2 - (^) - 2 cos / . COS rf . sin= \ P. 
But Z JW" = i — I? ; and s = a: + ; — i^ ; and therefore, 
cos a = cos a: . cos {I -^ d) — sin a: sin (Z — rf) ; 

and if the observations bo made near the meridian, » will he very small, 
and its powers higher than the second may be neglected. Maldng this 
supposition, writing the arc for its sine, and substituting the value of 
COB X above, we have 

cos s ~ (1 -^x^) .fafi{l-d)-x. sin {I - d). 
Equating these values of cos s, there will result 

3a^.cos(i — i^)+a:sin(;-<i)=2cosi.co3<f.sin=^P . . (216) 

In consequence of the small value of x, it will be sutEcieut for all prac- 
tical purposes to make an approximate solution of this equation ; for this 
purpose write it 



ysl,< 



i'^ P—Qoim{l — d) . 



■ (217) 
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neglecting tliw terra involving the second power of cc, 
2 OCXS I . cos d . n , „ 



aud this in Eq. (SlV) gives 

sm.{l — d) ^ ^ ' \sm [l — d) ) 

and making, in order to find z in seconds of aro, 



(218) 



(210) 



im{l^,l) ■■■ -'■V.m(i-<i); 

§ 699. Now P ia to be found from the time when the star is on the 
meridian and that of observation, being equal to tie difference of the two 
converted inte arc. These times are to be taten from a time-piece, and 
fhis never runs accurately to sidereal or mean solar time. If the time- 
keeper nm too slow, the difference of its indications would be less than, 
the eoiTesponding difference of true hour angles — if too fast, the contrary ; 
and P, in the formula, must be corrected. 

Let the time-piece lose r eeconds a day ; then wliile the trae day will be 
equal to 86400', the clock or watch day will be 86400'— r, and any. two 
eoiTteponding hour angles, one being the true and the other that indicated 
by the time-keeper, denoted respectively by P and P', will bear the re- 
lation 

P : P' :: 80400 : 8Q400 — )■ ; 
whence 

1 



P^ P' . - — - = P' . - 

80400 — r 



8G400 



r' - ■ ■ = O.OOOOn .r (221) 

developing tte fraction, and neglecting the higher powors of r', 
P = P' (1 +r') = P' -^P'r', 
sin iP = sin i-P'cos|)^P'-|-cos^-P'sinir'P'; 
making cos ^r' P- = 1, squaring and rejecting the term containing the 
Becond power of sin ^ r' P', wo find 
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I'^P^ sin^ -1 i" + 2 sin ^ P' cos ^ P' . si 





2 sin |/". cos ^P 


■ = .i 


inP', 


and sinco P' and r' 


are both small, 

Zi/p'™ 




JP'; 


which substituted above givo 






Bi.^^P = .in 


= JP'+2/.i„-.>. 


P' = 


(1 + 2 


and finally making 









j = 1 + 2 f' = 1 + 0,000022 r 
and substituting in Eq. (220) we have 



' = •■'• S^r--^ - i- . » . 0.1 (! -i) . (;^r^) P23) 

tt which it will be recollected that r, in the value of i, ia the rate of the 
lus when the latter gmna and plus when it loses on side- 



§ 700. The first term in the second member of Eq. (223) will always 
be sufficient when the observations ai'e made within five or ten mimitra of 
the meridian. And it is important to remai'k, in view of the use presently 
to be made of the value of x, that the latter will not be sensibly affected 
by a small error in the value of I, and that an approximate latitude may 
therefore be substituted therefor. The values of £ and m, are computed for 
all values of P'from fo SB", and inserted in Table.'i V. and VI. 

TERRESTRIAL LATITUDE AKD LONGITUDE. 

I 701, The determinations of terrestrial latitude and longitude by 
means of astronomical observations and ephemerides, are among the 
most important of the objects of practical astronomy. All appreciate 
the value of these determinations in navigation and geography, and we 
now proceed to consider them in the order named. 
Terrestrial Latitude. 

§ 702, The zenith distance of the pole is always the complement of flo 
latitude of the place, and when known the latitude is known from the 
relation 

?> =T 80° — I, 
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in which X denotes thu zcniili Jistanoo 
of the pola, and I tlie latitude of the 
place. 

g 703. The zpnith distance of the pole 
fornra one side 2 P of a apheiieal tiiangle, 
of which the two othov sides, ZS and 
P S, form, respeofively, the zenith and 
polar distances of bome heavenly hodj-, 
of which the angle at the pule is the 
hour angle, or distance of the body fcom 
the meridian. And the detennination of latitude consists in the solu- 
tion of this triangle, the data for this pui'poso heing the true zenith 
distance Z S determined from observation, the polai' distance P S found 
fi'om the ephemeris, and the hour angle ZP S, which is always equal to 
the sidereal time of observalion, diminislied hy the body's right ascension 
at the &ame instant. Having, then, found the true zenith distance by cor- 
recting the observed for refraction, parallax, and Bemi-diameter when ne- 
cessary, and the body's true hour angle and polar distance from the time 
irf observation, the ordinary formulas for the solution of spherical triangles 
will do the rest. 

g 704. Laiiiude by Meridian Zenith Distance of a Body. — But it is 
dearable, in practice, to select those moments for observations which will 
g^ve most accurate results, and these are when the hour angle is 0° or 
180° ; in other words, when the body is on or near the meridian, for then 
it has the least change in zenith distance for a given interval of time. 

Make 

z = Z 8 = true zenith distance of body ; 

d = 90° — F S = the body's declination ; 
P = ZPS = hour angle of the body ; 
A — P Z S^180°— the body's azimuthal angle. 

Then in the triangle ZPS, 

cos 3 = sin r sin (^ -1- cos i . cos 1^ . cos P . . . (224) 
sin (i = sin ; . cos 2 + cos i . sin 3 . cos ^ . . . (225) 

I 705. Making P = 0°, the body will be on the meridian some- 
where between the poles on the side of the zenith, and A will he 0° 
or 180°. 

In the first case, the body will be between the zenith and elevated pole 
cos A-=^ 1, and Eq. (225) will become 
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Bin (^ = sin ^ . cos 2 4- COS ; . sin s — sia (I + s 

l=d~z 

rig, lis. 



(226) 





In tie second case, the body will he on tbe opposite side of the zenith 
from the elevated pole, cos ^^ — 1; and if the latitude aad declination 
bd of the same name, sia d and sin I will hare the Game sign, and Eq. (225) 
gives 

whence 






l = d + z 



If, in the second case, fhe declination 
and latitude be not of same name, the 
body will be below the equinoctial ; sin d 
and sin I wiU have contrary signs, and 
Eq. (225) gives 



whence 
and 
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If P = 180°, ihe body will be on tLe 
meridian below tbe elevated pole, and 
-4= 0°; eoaPr^ — 1, and, Eq. (224), 
oosz=Bial.iiad-<:oil.coid=-eos(l+dy, 
wtence 



2= 180°- (Z + i?), 
I = 180° - 2 + 1^ . 



(220) 




§ ?06. Latitude h>j Circumrmeridian 
Altitudes. ~~1\ias, it is easy to find tho 
latitude when the meridian zenith, distance and declination of a heay 
enlj body are tnown. The declination is found from the ephemeris, 
if the body belong to tlie solar system, or from the catalogue, if it be a 
star. The meridian zenith distance is beat determined by the method of 
arcujnr^meridion altitudes, which consists in measuring with an instrument 
A number of altitudes of the body just before and after its meiidian pas- 
sage, noting the corresponding times ; reducing to the meridian, taldng an 
average value of the results, and subtracting this ftom 90°. 

I 707, Denote by A,, k^, k^, Ac, the measured altitudes; r,, r,, r,, &a., 
the con-esponding refractions ; pi, p^, ps< '^^■i ^^ parallaxes ; A tlie ap- 
parent semi-diameter; x„ x^ %, &c,, the reductions to the meridian ; n the 
number of observations ; and H the average meridian altitude ; then will 



H^- 



h + 'is - 



3-f Pa+a^-f t^ 



. . (230) 



the upper sign corresponding to the lower limb, and vice versa. Denote 
by Pi, Pj, Pj, &c, the watch hour angles of the body ; that is, the differ- 
ence between the watch time of meridian passage and those of observa- 
tions. These, witii tables, give £„ h, h, &c, m„ m^, m^, &c., Ec|. (223); 
and maHng 

2 i =r ii -f is + As +, &c. ; 

2 m :^ m, + w'a + '"a -f , i^jc. ; 

2A = A, -I- A3-}-Aj-|-,&c.; 

2 a = a;i + jcji -H ij -|-,&o.; 



■f'S^Sf-f-'c-a 



(8J1) 

But this supposes I to be known. An approximate value will, § 700, 
be sufDcient ; and to obtain it, correct tire altitude nearest tire meridian for 
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refraction, parallax, and semi-diameter; subtract the result from 90°, and 
substitute the lemainder for 3 in one of the equations (226) to (229) in- 
clusive, according to the case. 

§ 708. Latitude hy opposite and nearly equal Meridian Zenith Dis- 
tances. — With an approximate latitude, select one or more pairs of stars, 
of wHeh the individuals of each pair shall pass the meridian on opposite 
sides of the zenith, aud at nearly equal distances. Then, preserving the 
notation of § 704, writing the subsoiipts 1 and 2 to distinguish the slais, 
and supposing the declinations to be of the same name as the latitude, we 
have, equations (226) and (227), 



g by ^1 and ^j the observed zenitb. distances, and by r, and r, the 
con'espoiiding refractions, we have 

2,=?, + r„ ., = J, + r,; 
which, substituted above, give 



If J^i := ^j, tben will r, — r^ = 0, and we have 



.... (23^) 

and thus the determination of latitude will be made independent of refrac- 
tion, which is one of the greatest sources of difficulty in practical astronomy. 

If J^[ be not equal to ^s, but nearly so, the result may be regarded as 
equally accurate, since the diflerence of refraction will then be employed, 
which, being very small, will ha sensibly free from error. 

I 709. This simple and elegant metbod, which is one of the most accu- 
rate, aud now very generally used, was first employed by Oapt. Andrew 
Talcott, lat« of the U, S. Engineers. The measurements were made by 
means of a zenith telescope, turning about a vertical axis, and provided 
with a micrometer. The stars were so selected that when one was brought 
within the field of view, and made to thread the micrometer wire as it 
passed the meridian, the other would enter tlie field on turning the instru- 
ment 180° in azimuth. The second star being made to thread the wire 
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by the micrometer motion, the extent of the latter was noted, and gave the 
value of ^1 — ^B- The value of r^ — r^ was found, of coui'se, from the re- 
fraction tables. 

§ 710, Latitude hy Polaris off the Meridian. — The last method we 
shall ^ve is that by Professor Littrow. It consists in observing tbe alti- 
tude of Polaris out of the meridian, and therefore at any convenient time, 
aEd reducing, not to the meridian only, but to the pole also ; the data for 
this purpose being the star's polar distance, its true altitude, and corres- 
poiidiug hour angle. 

Let Z be the zenith, P the pole, S 
the place of tlie star in ita diurnal path 
I? S' in, Z S the arc of a vertical circle. 
Make 

I ^= latitude =^ altitude of pole ^ 

90° — 2/*; 
k = true altitude of star = 90° — Z S; 
P=: Z P S = hour angle of star ; 
4- = reduction to the pole ^ Z P — Z S; 
A == P 5 r= star's polar distance. 

Then 

■\, = k-l; 



rig. Ill 







1 = 



- + ; 



BO that the latitude is known when -^ is known. 
In the triangle Z P S,v/^ have 

cos Z S = cosP S .C0& ZP + ^m PS .sin ZP . 
and replacing the sides by their values in terms of A, A, and 

sin ^ = cos A . sin (ft - -^) + sin A . cos {A - 4-) , 
dividing by siu k and fectoring, 

l = eo8^,(eosA+MnAoc.tA.cosP)-sm^.(cosA.eot;.- 
Mate 



a = cos A + sin A , cot h . 



■aP; ! 



(234) 



and the above may ho written, 

1 =a cos 4 -6. sin 4. (235) 

Now, A is a small angle, not more than 1° 40' ; and replacing cos A and 
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an A by their values ia terma of A, equations (234) become, omitticg the 

powers of A above the third, 

o= 1~^A' + (A — |-A'). cot A. cos P, 
6 = (1 - 1 A^) . cot A - (A - 1 A^) cos P. 

Let 

4, = ^A + .BA^ + (?A'+, &o (236) 

be the deyelopment of 4- according to the sscending powers of A, in which 
there can be no independent teiin ; since, when A = 0, then will 4- = 0. 
Whence 

cos,4' = 1 — ^A^A' — A£a\ 

mn i = Aa + £A' + (0 - ^ A')A\ 

Siibstituling the values of a, b, cos 4., and sin 4-, in Eq. (235), we have tlu; 
identical equations, 

cot h . cos T — A . cot A ^^ 0, 
_ 1 (1 + ^=) + ^ cos P — .B cot A = 0,' 
^A-^(l+3A')m-^P-{0-lA'] = 0. 
Whence 

^ = cos P ; 

B :^ — ^ sin 'P . tan A ; 

C'=jcosP.sin=P; 



which in Eq. (236)' give 


4. = A.c« 


^ P - ^ sin =P . t^in A . A^ + ^ cos P . s 


To express 4. 1 
A, and make 


m& A in seconds, write 4- sin I" for 4' ■ 


then will 


m = ^ sinl", n = i-sinM", 


4. = AeosP-, 


n (A . sin Py . tan A + «. . (A . cos P) . (i 



nP)' (23 V) 

This value applied with its proper sign ta the observed altitude, cor- 
rected for refraction, will ^ve the latitude. It is best to tate some half 
dozen altitudes, and to note the corresponding times in pretty rapid suc- 
cession ; a mean of the altitudes corrected for refraction will give A, and a 
mean of the sidereal times ditninished by the right ascension of the star, 
and the remainder multiplied by 15, will give P. 

§ Yll. This method is of such practical utility as to have eansed the 
insertion into the English Asti'onomical EphemerJs and Ifautical Almanac 
of three tables, of which the first contfuns the value of A cos P for every 
1 minutes, sidereal time, for a mean and constant value of A ; the second 
contains tlie values of — m . (A . sin Pf . tan A ; and the third contains 
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coneijtions fo be applied to the values in the second bible. The second 
and third tables are arranged in the form of double entry, the arguments 
for the former being the sidereal time and altitude, and in the latter ade- 
real time and date. 

The third term of Eq. (23 J) ia neglected as beiog iusigaificaut. 

Longitude. 

§ 712. The longitude of a place is the angle made by its meridian with. 
Bome assumed meiidian taken as an oiigin of reference. The problem of 
longitude is much more complex than that of latitude, and its solution 
consists, as we have seen, | 94, in finding the difference of local times 
that exist simultaneously on the required and fifst meridian. 

§ 713. Longitude hy Ckrortomelers. — Could the motion of a time-piece 
be made perfectly uniform, and the angular velocity of its hour-haJid equal 
to that of the earth's axial rotation, ividiont the risk of variation, the de- 
termination of longitude would be a simple matter. It would then only 
be necessary to put the time-keeper in motion ; on a given meridian ascer- 
tain, by the meth-ods esplained, its en'or on the local time of this meridian ; 
transport it to the unknown meridian, determine its error on local time 
there, and take the difference of these errom ; this difference would be the 
difference of longitude of the meridians in time. 

But such time-pieces cannot be made. The results to which tbey would 
lead may, however, be approached within limits aU-suffioient for practical 
purposes. It is only necessary that the time-keeper shall run uniformly, 
a condition which chronometer have been made so nearly to attain as to 
vary their rate but half a second in 31536000 seconds. 

§ 714. By daily observations find tiie error of a chronometer ; from the 
variation of the errar duiing the intervals between the observations, find 
that for 24 chronometer houre. This will be the rate. Make 

e = error on local time at given meridian ; plus when the chronome- 
ter is too slow, minus when too fast ; 
e, =: error on local time at required meridian ; 
e^^ = error on local time of given meiidiaii at same instant ; 

r ~ rate ; + when gaining, — when losing ; 

i z= interval of chronometer time between the observations, which 
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whence 






§ 715. Longitude hy Limar Distances. — Tho moon lias a rapid motion 
in longitude. Her geocentiic angular distances from the sun, planets, and 
fixed stars that lie in and about her path througL. the heavens, ai'e com- 
puted k advance and inserted into the Nautical Almanac. From these 
hours and distances is readily found, hy inteipolation, the Greenwich time 
corresponding to any given distance not in the Almanac, and the difference 
between this interpolated time and the local time on any other meridian 
at which the moon is found from observation to have this given distance, 
is the longitude of the meridian oa which the observation is made. 

§ 716. Measure the altitude of the stai-, and that of the npper or lower 
.bright limb of the moon alw) measuie the inguUr distance from the star 
to the bright limb of the moon and note the locil time of this measure- 
ment; collect the altitude of the limb lul mcisiiel distance for semi 
diameter ; then correct the altitude oi the t^ toi leli n,ti a and that of 
the moon for lefriction and piriUax. 

Let 2 be the zenith 2 S and Z M the ii ca ^ *> "^ 

of vertical ciicles the fiist passing thiough the -^ 

star S and the second thiough the moons cen 
tre M. The ef&et ot lefraction bung to ele 
vate and that of parallax to depre^, and the 
parallax ot the moon bemg alwajs gieater than 
her refi'acfion, the stai will appear at S' above 
lis true place, and the moon it M' bdow ]ier 

e place. 



h ^ 90° - 2 



observed altitude of moon' 
semi- diameter ; 
Z S' = observed altitude of sfar ; 

= observed distance corrected for 
the moon ; 
Z M = true altitude of moon's centre ; 
Z S = true altitude of star ; 




■ected for 



z = MZS 
Then in the triangle M'Z S' 



distance between the moou'a 
centre and the star ; 
lele at Z. 
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iattinnghMZ S, 




















03 A - 


~si 


nS-.sk 


>II' 






LU^- 


~ 


COS 


,//. 


cos^' 


' 


equ3 


iting these vak 


lesof. 


cos a 












cos A' 


-sir 


a.s 


in !i' 


c 


osA- 


mnR.f 



aJT 



(Xis A . cos A' cos //, cos H' ' 

adding unity to both members and reducing, 

cos a' + cos (A + A') _ cos A + cos (B -^ IT) 
cos A . cos A/ ~ ^"Ws~znSTff ■ 






A + A' + A 



,os(A + A'}-cos(3™-A'); 
e and reducing, we liud 



mM.: 



^ ^ ' cos A . cos A' ^ 

and making, to adapt the foregoing to logarithmic computation, 



,/ co.g.c..jr 

COS A . cos A' 



then will result 

siu ^ A = cos ^ (// + JT) . cos 9 . . . . (241) 

§ 717. The quantities A, A', If, H', and A', are obtained from observar 
tions, and the corrections for semi-diameter, refraction, and parallax applied 
thereto ; the value of m is given by Eij. (239) ; the auxiliary arc (p by 
Eq, (240), and, finally, the tiue distance A by Eq. (241.) This operation 
is technically called cleaimg the distance. 

% 718. With this distance enter the Nautical Almanac and see if it is 
found therein; if it la, takp thp eonesponding time from the head of the 
column, and subtract theietrom the local tjme of observation; the remain- 
der will be the longitude — nest it this remainder be plus, east if it be 
negative. 

§ 719. If the p'oci e d X-w bi. not found in the Almanac, as it sel 
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dom will, find two coDsecudve distances, one of which, is greater and the 
other leas. TaLe iheie and the ne\t two or mow precedirg and following 
distances, and torm then fiist, second, third, &c., differences, denoted re- 
flectively hy d,, Aj, Aj, &c, in\\hi(,h A, is the difference hetiveen the 
consecutive diatam ea of which one la less and tlie other greater than the 
^ven distance Make 

Ji ^r given distance ; 

D' = nearest distance in epheraeris ; 

T' := epheuieris time con-esponding to D', 

T := Greenwich time correspocding to D : 
t = T-T. 
Then hecause the ephemeris intervals are 3'', will, by the ordinary for- 
mula for interpolation, 

suppoang the second differences constant, which we may do without sen- 
sible error, and solving with respect to fiist power of t, 



- D' 



-S" 



Neglecting; the second difterei 



(242) 



(243) 



which in the denominator of the preceding equation g^ves 

, = ^^^ 3U. . . . (244) 

and replacmg ( by its value 2" - T', we have fiaaliy 

T=T'-\ ~ 3''. . . (245) 

§ 720. A angle observer be^ns by taking with his sextant an altitude 
of the star, then an altitude of the moon's bright limb, then the distance be- 
tween the star and moon's limb, then the altitude of the moon's bright limb, 
then the altitnde of star, carefully noting the time of taking the distance. 
A mean of the altitudes of the moon and star will give the approximate 
altitudes which the moon and star had when the distance was measuied. 
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§ 721. It ia scarcely necessary to add, that if the sun or a planet be 
taken instead of a star, corrections for semi-diameter and parallax must 
be added to tliat of refraction. 

§ 722. Longitude by Lunar Oulminalions. — If the change in right 
ascension of a point of the moon, in its passage from one meridian to 
another, be known, the distance between the meridians becomes known 
from the point's rate of motion in right ascension. Make 

ci =^ the point's right ascension when on any upper first meridian; 

c, = its riglit ascension when on an npper known meridian to the west. 

H= longitude of tfais known meridian, west. 
I = approximate longitude of any unknown meridian between these. 

L = true longitude of the same. 

e = L-l. 

a. = right ascension of the point when on the upper meridian, of 
which the longitude is L. 

§ 723. — 1st Approximation. Then, were point's motion in right 
ascension uniform, 

C-c, : If:: a ~c, -.1 

% 724. — "id Approximation. But the moonV motion in right ascen- 
sion is not uniform, and the above will in general be eiToneous, and by 
the quantity e, which is a small arc of longitude ; and we have 

L = l-\-e 

The arc e being small, the moon's motion in right ascension will be 

sensibly uniform while between the meridians, through its extremities. 

Make 

a, := the lunar point's right ascension when on the meridian, of which 

the longitude is I, 
V = tbe point's rate of motion in right ascension ; and let this be 
measured by the distance in right ascension over which the 
point would move, with this rate constant, while between 
the meridians of which the distance apart is 77, 
Then by the principle above, writing e for I, v for c, — Cj, and a, for c^, 
we have jr 

and this in the abovs gives 
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§ 725. Now, these eq^uation; 
point of the equinoctial, taken 
estimated. For convenience, tal^e tlie 
through the lunar point at its last passa 
the Ephemeria, Then will 
c. = 0, 



ill be equally true fi'om whatever 

an origin, tlie right a-iicension be 

at the declination circle 

' the first, or meridian of 



- chaage of right 
meridians, 
e of right 



between the known 



n the first to 
the intermediate or required meridian, 
a^ = increase of right ascension from the first to 
the approximate meridian l. 
V notation the above equations become 



; - 



R 



(246) 



L = l+--.{^-a. 



(247) 



§ 726. In the Nautical Almanac and Astronomical Ephemeris are 
given the right ascension of the point of the bright limb at whicli a 
declination circle is iangent to the lunar disc, and also the right ascen- 
sions of one or more stars, at the instant of passing the upper and lower 
meridian of Greenwich for every day in the year. The stars are so 
situated as to lie about the moon's parallel of declination, and not far 
from her in right ascension, 

§ 727. — 1. Interpolation. Tate the following scheme ; 



I 


F 


A, 


A,, 


^^ 


^4 


H 


t'" 


a'" 


h" 










t" 
t' 


a' 


h' 
h 


.' 


d' 
d 


'' 


f 


t„ 


a„ 


h.. 


.„ 


i, 






',// 


a,„ 













a wliich the column I contains the independent variable, or argument, 
3 tirae, terrestrial longitude, degrees, and the like ; F the value of a 
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function of this variable, as found in any set of tables ; Aj, Aj, A^, etc., 
the first, second, third, etc., orders of differences of these functions. 



= tke interpolated value of the funetion correspond- 
ing to any given value t, of the argument be- 
tween t' and t, ; 



_ C + c, 
! 2 ' 



= /■ 



Then, limiting the operation to the fourtli order of differences, will 
ttj = s — a' =At + Bfi + Ot' \- Bl* 



(2i9) 



a which 



A 


= 


^1 — 


iA,+ 


A A 


3 + 


A 


A 


B 


= 


lA, 


-iAj 


-A 


^11 






C 


= 


¥^3 


-tVi. 











(250) 



Also taking first differential coefficient of the function (249) 

ii = ^ + 25(+ SCi^ + 4Di3 . . . .(251) 

which would be the increment of the function for an increment oi t 
equal to unity, were the function to increase uniformly and at the rate 
it had for any arbitrary value for t^ 
% 728.-2. Observation. Make 

S' = true sidereal lime of D 's bright limb passing the meridian, 
S' ^ time indicated by time-piece of the same passing middle 

wire of transit. 
e' = error of time-piece on sidereal time, 
i' =1 error of transit, in time, for altitude equal that of moon ; 
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then will 

S' = H' -^-e' + i'. 
Also, make 

s' = true sideral time of star's passing the meridian at the alti 
tude of > , 

A' -^ time indicated by the same time-piece as before, 

e" ^ error of time-piece at same instant. 
Then, the declinations, and therefore the altitudes, of the moon and star 
being about equal, will 

and eubfracting this from the preceding equation, 

S' - a' ^ H' -h' + [e' - e") 



in which ip' denotes the acceleration of the time-piece in the jntervsil 
between the moon's and star's passing the middle wire of the transit, we 
find 

S' -&' ^JP -h' ^ a?'- 

For a second meridian to the west, since the star does not sensibly 
change its right ascension in the course of a day, 

S" - s' ^ H" - h" ^^ <f". 

and subtracting from this the foregoing 

A = :S" - S' = {E" - h" ^ 9") - {H' - A' T ?') . (252) 

in which a denotes the same as a, in Eq. (246), when a single observer, 
on an unknown meridian, employs the epheraeris elements, as given for 
the next preceding passage over the first meridian, with those of his 
observations, to get the increase of right ascension requisite to find his 
approximate longitude I; and the same as a — Kj, in Eq. (247), when 
he employs either the interpolated or observed increase of right 
ascension for the meridian of which the approximate longitude is l. 
to correct its place. In the first case c^ is the difference of the pointV 
right ascension, as given for the next preceding upper and next 
following lower culmination over the first meridian ; in the second case 
V will be given by Eq. (251) ; and in both, H will be 12 hours of 
longitude. 

14 
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OBSEBViTioKa.— West Point, 1845, Fub. i3. 
f GemiQorimi . . 6I' 54'»4[»,l5 
6 " .. 7 10 33,97 
D W. limlj 7t'33"o6',76 

i)3i oS 26,83 7 22 43,94 ■ 



Clock rate, + 3' 
Kflntioal Almiinao. — Greenwioli, same date. 
; Gemiiiorum . ■ eS" 54'° 57', 41 
d " . . 7 10 54,36 

B W. Liml) . 7'' 27°' 4T. 66 

f Cnncri .... 8 o3 si , 44 

3)23 09 i3,2i 7 s3 04, 40 . 



Then, Eq. (246), 

ff= iai'OQ"oo', Log . . 4,6354337 

a = 00 10 34 , 53 " . . 1 , 8024520 

NautioKl Almanac o, = 00 25 41,18 " o. e. 6,8121918 



■fi 56" 58' 



i = 4 56 23 , " . . 4,2501275 

Next, interpolate change of right ascension for /,■ 

[1.56.^28.^ Log . . 4, =501275 

! 00 00, " o. a. 5,3645i63 

t . . . . " . ■ 9, 6M6436 

Nantioil Almonao. 

Feb. 17, L. C. 7" 01" 56', 27 

j5k,5p,39 
" 18, U.C. 7 a? 47,66 i-io-,;! 

i,= 25 41,18 A, -is J A,= -o',!S 

" " L, C. 7 53 28,8i / - 10,46 

" J9, U.C. 8 i3 59,56 ' 

,i = 25"4!', 18 + o5», 17 - O',o2 = 55"' 46', 33 
5 = —' 05,17 + 00,06 =- o5,l! 
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Then, Eq. (249), 








A . . Log . 


. 3 , 1893022 


Hos . 






■.*=«"■ 


Md-.Ti 


£ . . Log . 


■ > 70799^7 


N03 . 






9,9372833 


. -o,E6 


C . . Log 


. 8,6190933 
. B,8^393ii 


Nos . 






7,463oa47 


. -o,ooJ 




0"34',53 = E 




635 , as 

634,53 




"-"'^ 




. - i',3J 


Again, Eq. (251), 










K03 . 

Koa . 


. 25" 46', 33 


^ . . Log 


. 0,7079957 
. 9,6146435 
. o,3oio3oo 






, 6:36695 


■ -'■» 


e . . Log 
i' . . " 
3 . . " 


. 8,6,90933 
. 9,5292876 
. 0,4711213 


Hoa . 






8 , 3255025 


. -O.O) 



Then, last term of Eq. {24'?), 

S . . Log . . 4,6354337 
a — a,.. " . . , 1205739 



', 5679704 No3 . . 00 36,^ 



Eq. (24 Y), 



i ^ 4i> 66" 28" - 36', 98 = 4' 55" 5i', 
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I 729. It frequently liappens tliat the moon cannot be obi-eiTed on the 
middle wire, in wliich case slie is far enough fi'om the uieridian to have !i 
sensible parallax in right ascension ; and as it may he very desirable not to 
lose the obseiTation, this parallax must he computed and applied to tlie 
apparent hour angle from the middle wire, which is supposed to be nearly 
ooincideot with the meridian. 

Denoting the hour angle by h, the parallax in hour angle by A A, tliu 
gflocenli'ic latitude It's I, the moon's declination by D, and her hoi'izoiiial 
paraiiax by P, then. Appendix XI., p. 379, 

A A ^ p , cos Z . sin P . sin A . sec i> ; 
and to make this applicable to the case before us, h will denote the eqiia- 
toiial interval, in sidei'cal time, from the lateral to the central wire. This 
angle boiog small, its arc, expressed in seconds of time, may be taken for 
its sine, in which case, AA will be in time-seconds, and tlie iruo distance 
of the moon's limb from the central wire, denoted by A,, will be 

ft, = A . (1 - p . cos ; . sin 7>. sec D) \ 
and the reduction to the meridian, denoted by r, in time-seconds, 
_ h 1 — p.cos^.sin J'.Eec.Z) 

*" ~ cosi> ■ r— O,003'77.m ' 

in which m is the moon's daily motion in right ascension. The uppcf 
sign, when the observation is before the middle wire. The quantities 
o and I are found from tables on pp. 336, 337. 

g 730. It also ofien happens that two observers do not use the same 
number of wires, or if tbey do, that tlie same stare are not observed at 
the same number. Such observations are not of eqnal weight. To find 
the relative value with which such observations should enter into the 
final determination, Professor Gauss has given the following formula, 
deduced from the principle of least squares. 

Let the number of wires on which the moon is observed at one place be 
denoted by n, and at the other by «'; and let the number of wires at 
which the stars are observed at the first place be a, h, c, &c., and at the 
other be a', b\ c', &c. Make 

■ iirfS = ^ <°-"> 

» = « + (3 + 7 + fa (3.M) 
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Tlien, if W denote tlie weight of eacli day's comparisoD, will 



in which s is the same as in Eq. (247) ; and for the weight of the 

result of all the comparisons, we liave 

in which 1 expresses the sum. 

Let e denote the prohable error of observation, and S the prohatle error 
of the final rcisult, then will 

■g = ■■■ ^ ...... (258) 



' (<r + X).> 

§ 731, Longitude by Telegraph. — One of the simplest and most 
accurate methods for finding ditFerences of longitude, is to telegraph !o 
a western, the instant of a fixed star's culmination at an eastern station, 
and, conversely, to telegraph to the eastern the instant of culmination 
of the same star at the western station. The local times of both events 
being noted, the difference, as recorded at the same station, corrected 
for rate of time-keeper, gives the difference of longitude. 

The instant of culmination of the moon's bright limb being also sig- 
nalized in the same way, the difference of time, as recorded at the same 
station, corrected for rate, as before, gives the difference of longitude 
augmented by the limb's change in right ascension during the interval, 
and tlie excess of this interval over that for the fixed stars is the 
change itself. Thus the telegraph, where it connects stations remote 
from one another, gives the means for finding differences of longitude 
and for correcting the lunar ephemeris, and, therefore, the elements 
employed in the method of lunar culmmations, for use at stations 
having no telegraphic connections. 

§ 732. Longitude hy Solar Eclipse, or by Oectdlation. — The follow- 
ing elegant and accurate solution of this most important pioblem is, 
in substance, due to Mr. Woolhouse ; it first appeared in the Nautical 
Almanac for 1837. 
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Let Jlf and S, be the moon and sun, in such geocentric 
positions as to appear in external tangential contact 
to an ohserver on the earth's surface ; the local time 
of this observer will be that of beginning or ending of 
the local eclipse. Conceive a fictitious sua, s, at the 
distance of the moon, within and tangent to the visual 
cone that projects the true sun on the celestial sphere 
for this observer. This fictitious suo will be in con- 
tact with the moon ; and any parallactic effect on the 
one, due to a change in the observer's place, will be 
equal to that on the other. Transport the observer 
to the centre of the earth; the moon and fictitious sun will appear to 
shift their places with respect to the true sun ; but, being in actual, 
will remain in apparent contact. The apparent disk of the fictitious 
sun and of the moon will diminish ; and the size and place of the latter 
will become those of the ephemeria at the instant of observation. The 
change of the fictitious sun's place, in reference to that of the true sun, 
will be the effect of relative parallax. Apply this parallax to the 
plice ot the true sun and diminish hi disk bj ■» quantity equal to the 
diminution of the fictitious aun, the leault will be tl e place and size 
of the lattei body in apparent contact with the moon to the observer 
at thp central station. The ephemeiis time ot this contact, diminished 
by the local time ot observation, will gne (he longitude of the ohserver. 

Thu' the determmafion of terrestiia! longitude by a solar eclipse, is 
reduced to finding the ephemeria time when the true disk of the moon 
comes in contact with i disk of a given size, placed at a given place. 
Tiie prmcipie is the same for in OLCultation of a star by the moon. 

In the case ot a solar eclipse the appaient time of observation, 
convetled into arc, gives the hour angle of the suns centre at that 
luitant and as the declination of the sun is nevei subject to a very 
rapid daily sanation, this element m-iy be l-iken from the ephemeris, 
with sufficient accuricy, for the approximate local time on the meridian 
foi which the ephemeiis is constiucted deduced from e 
longitude, or ruugli lon;;itudc by itcounl 

Take 

ct = right ascension, 

h = hour angle, 

S ~ declination, 

e = apparent semi- diameter, 
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Take also 

do — right ascension, "] 

S^ = declination, V of fictitious sun, 

IS a =1 apparent semi-diameter, J 
Aa ^ iiik — relative parallax of moon in rjglit ascension, 
aS z^ " " " declination, 

AS = diminution of fictitious sun's semi-diameter; 

Tlien will 

tto — K + Ah, 
5o = iS + a5, 



Let M, be the north pole ; M, the place of the 
moon at the instant of contact; -m, her place when in 
conjunction with the fictiiioua sun, s. 

Make 

( ( ) n^ any convenient ephemoris time, near this conjunction, 
(A) = moon's right ascension at (i), 
{D) — " declination at ((), 
A^ = " 3'elative motion in right ascension at (i), 
i)j := " " " declination at ((), 

(o :^ time of true conjunction with fictitious sun, s. 
Do = declination of the point m at this time. 

Then, employing the parenthesis to indicate the values of the several 
quantities at the time {f), we have 



-dbyGoogle 



216 SPHERICAL ASTRONOMY. 

Now, make 

Tig. 120, I 









& = 


ms = 


D. - (5o] 








A = 


Ms, 








90 


°+-n = 


Mms: 








90 


" + 4,=. 


sMm 




thei 


1 wiu 




tan V) = 




^1 




~ a" 


costi?)' 


and, 


, by the triangl 


srn 


Ms, considered 


as plane, 










J -COS 


1 



and, from the spherical triangle N Ms, 



nM2fs = - sin A !lH-i^±i:). 



e small arcs are proportional to their sines, 
■in ( « + ■» 



MNs 



,{D) 



And the time required for the moon to change her hour angle by this 
quantity, will be 



' A^ cos (Z>) 
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which, subtracted from (o, will give the ephemeris time of observation. 
Denote this time by (, and we have 



= (0 + ^ 



cos (Z>) 



(25») 



The longitui^e, from the meridian of the eplieraeris, is found by the 
difference between this time and that of observation, previously making 
both apparent, or both meaa time, by applying the equation of time; 
and it will be west or east, according as the ephemeria time is greater 
or less than that of observation. 

To find Aa, and AS, take Eqs. (2), Appendix XI., p. S79, aJid write 
therein Aa for Ah, P for sio P, A& for &.D, 5 for D and D', unity for 
cos iAk, and substitute for k its value h' —Ah; we find 



-.fP--^-%mh, 



is l-siaS cos (A — \Aa) ; 



(260) 



in which I denotes the central latitude ; and, employing the method of 
solution in Appendix XI, page 381, wo have 



(A) = A - lAa, 
tan i = cos {k) • cot I, I 

tan E - tan {i + S) ■ cos M, 

aS — p • P ■ cos M- cos I. 



,{t + i)- 



(201) 



To find Aff, resume Eq. (27), substituting therein rf for s, 
cos (90° — s) for cos Z, unity for cos a ; and' we have 
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subtracting nnity from both members, clearing the fraetion, writing 
P — * for P, and then P' for p (i* — it), we have 



■' — rf — Atf = 



Taking the average value of /" in the denominator, say 57' 03", B, 
and p = 1 ; and, expressing rf and i" in minutes, in which case m 
= 3437, 45, we may write 



10 10 •' ' 
a whicK io" will be expressed in seconds, if 
100 X 60 ■ sin E 



/^ 



3437', 46- 57', 06- 



For an occultation of a slar hy the moon, lie calculation will, in 
some respects, be slightly abndged. The characters A^ and D^ 
become the absolute motions of the moon in right ascension and 
declination ; the semi-dlametei' ff, and its diminution AiT, wiU reduce to 
zero; and the angle s, which is only used to get Atf, may be dispensed 
with; in wbich ease it may be better to employ Eqs. (2G3) than 
Eq. (264) ; or Eqs. (264) may be modified into the following con- 
venient expressions, by eliminating M and s ; viz. : 



tan d ^ cos (7i) ■ cot I, 



{h)=k- iAa, 
_„.P..;w.£2i(i_+J). 



It will be useful here to recapitulate the equations in a form suited 
to the facilitating of arithmetical calculation, and separately to arrange 
them for an eclipse of the sun, and an occultation of a star by the 
moon, to preserve distinctness. 
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I.- — Eclipse of the Sun. 

1. With the longitude bj account find tho oorresp onding Greenwich 
lime,. and ttenoo fi'om the ephemeris take oiit the sun's light ascenaion a, 
declination d, and semi-diameter tf; the horizontal parallaxes P, if] also 
talie out the moon's dechnation D roughly to the minute. 

Reduce the latitude hy the table on p. 336, and with p from the table 
onp. 337, Ap. XI, find 

li ^ apparent time of observation reduced into arc. 



,inA; ^ A in min. = [7.92082]^^; {h) = 
■,{h)ca\.l\ (?^c03{/i)cos;; 



h-^k; 



K tan (A) ; 



taa £ ^- tan {A + S) c 



check . . — 

.^aintime = [8.82391]- 
jl/" to be in the si 



sin I) _ ff. 

k' '■ = '*'- 

,me semicircle with h. 



3. With £ find the corresponding factor / i: 
the annexed table ; then, using P and a each i 
minutes, 



-=(Q(^)'/^ 



« = [9.43537] P. 



■ 


Fndor/tor 


.: 


c.V> + 


3. 


3o 


'■'•/ 


s. 


5o 


1-37 


22 


6o 
Bo 


1-54 
1.67 
,.75 


« 




.■77+ 



i partial ) 

j total or annulai j 



A. In tie hourly ephemeris of the ; 
which the moon's right ascenaion is ai 
the right ascension (^4) in time, the declination {!?), and their hourly 



on d convenient time {t) at 
and for this time take out 
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riatioiB ; also tho sun's right ascension (a), dcGlination (5), and their hourly 
vaiiationa. Then, 

^1 = hourly var, (^A) — hourly var, (a) in time; 

D, = hourly var. (7)) — hourly var, (S) in arc ; 

(S.) = (J)+Ai. 



(O - M. 


!. = (1) + » [3.6SG30] 


A 


(J))+«.A; 


i = i). -(«,); 


» = [:.! 


7009] ^1 cos{i>); 


J), 


c»+_'7-^. 


Greenwich mea 


n time = (o + [3.55630] - sia 



ij to have a different agn from D, : 



, } siffn wlieii an J ' '"", "" I- is observed. 
under j * [ emersioa ) 



II, — Occullatim of a Star hy the Moon. 
6. With the estimated longitude find tlie con'esponding Greenwich tiiue, 
and thence take out the moon's horizontal pai'allax /*, and her declination 
D, roughly to the minute ; also, 

ad. time ^ apparent time + ©'s right ascension ; or. 
Bid. time = mean time + aid. time mean noon, from p. III. of ephemeris; 
+ ac<',el. on Greenwich mean time ; 
A ^ sid. time — a, in arc ; 

a. being tiie star's right ascension. 

'> = /"cos?sinft; aA in min. = [7.02082] ~^; {h) = k-Ak; 

X = P' sin i cos J ; x' ^ P' cos / siu J cos (i) ; 5^ = 5 -\-x- vi' ; 

i a in time = [8.82391] — ^ ; «„ = a + i a. 

8. In the hourly ephemeris of the moon fix on a convenient time (() at 
which the moon's right ascension is near to k,,, and for this time take out 
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the right ascension (A), the dechnation (D), and theii- hoiiily \ 
Ai, D,. Then, 

B = [1.17609]^, cos p); 
tan *t = ■' ; cos 4. = [0.56^63] _^!_^, 

P 

Corresponding Grreenwich mean tirao = t^ + [2.99167] — sin (■ 



Practical Rules for Calculating the Longitude from, an Observed 
Occuitation. 

"With the estimated longitude find the coiresponding Greenwich time 
roughly to tie minute, and for this time taie out from the ephemeris the 
moon's declination roughly to the minute, her horizontal parallax to the 
tenth of a second, and tlie sun's right ascension in time to the neai'est sec- 
ond. To the sun's right ascension add the appai'ent time of the observa- 
tion, which will give the right ascension of the meridian. The difference 
between this right ascension and that of the star will give the hour angle 
of the star in time, which must he reduced into arc in the usual manner,; 
it will be 

^- 1 when E. A. of meridian is j J^^**"' I than R. A. of *. 

Reduce the latitude of the place by subtracting the correction found in 
the table in Appendix XL, p. 836, for which the nearest coiTection found 
in the table will be anfficient. 

To the proportional logarithm of the moon's horizontal parallax, add the 
correction answering to the latitude in the following series : 

Lat . 11° IS 24 29 34 88 il 46 60 64 69 84 69 W go" 



To the propoi'tiona! logarithm of the horizontal parallax, so oon-ected. 
add the log. secant of the'rednced latitude and the log. cosecant of the 
hour angle. To the sum {S^ add the log. cosine of the moon's declination 
and the constant log. 0.3010. The result will be the prop. \og. of an arc, 
which, subtracted from the hour angle, will give the hour angle corrected. 

To the corrected prop. log. of the horizontal parallax, add the log, sfcant 
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of the *'s declination, and the log. cosecant of the reduced latitude. To 
the same log. add the log. cosecant of the *'s declination, the log. secant 
of the reduced latitude, and the log. secant of the tour angle corrected. 
These sums will be the prop. logs, of two arcs. 

The former arc to have the same nanio as the latitude. 

The latter to have 

a different name from ) , , , ,, , , . I less ) , „„„ 
y tlie dec. when the h. ana-le is i l than 90° 

tie same name as ) ( greater j 

The sum of these two arcs, having regard to their names, will give the 
correction to be applied to the *'a declination to get the declination 
connected. 

To the sum (S,) add the constant log. 1.1'76]„ and the log. cosine of 
the *'s declination corrected ; the sum will be the prop. log. of an arc in 
time, to ho 

added to 1 ^i, ^ , -n > ^ •, - i "•'•'^^^ ] n ,i •.-,■ 

it IS < } 01 the mendian, 

( east ) 

a corrected. 

In the hourly ephemeris of the moon, fix on a convenient time at 
which her right ascension is near to that of the star corrected ; and, 
for this time, take out the right ascension, the declination, and their hourly 
vaiiationa. 

Subtract the common log. of the difference between the corrected right 
ascension of the star and the right ascension of the moon, from the com- 
mon log. of the hourly motion in riglit ascension ; to the remainder add 
the constant log. 0.47'71 ; to the same remainder add the prop. log. of the 
hourly motion in declination. The former sum will be the prop. log. of a 
time to be 



^ Jgreaterl ^^ 



,e wlien *'fl R. A. is f ■=°-'' \ than D 'a K. A, 



to get the time corrected. 

The latter will be the prop. log. of a con'eotion of the D 's declinatioE, 
to be applied with 



To the common log. of the hourly motion in right ascension, add the 
log. cosine of the B 's corrected declination ; and to the sum I^S^ add the 
prop. log. of the hourly motion in declination and the constant log. 7.I42Y. 
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The result will be tie log. cotangent of the first orbita] inclination,* and 
must take 

the same name aa ) , , , , , , ( noi'th } 

V hourly mot on m d when + ■i < ,}oiT>. 
a different name tiom ) ( 6Dulh ( 

To the prop. log. of the difterence between the stars declination cor- 
rected and the moons decimation corrected add the constant lug 9.4354, 
and the log. secant of the preceding orhitti indmation , an 1 hom the sum 
deduct the prop. Jog of the horizontal parallax The remainder will he 
the log. secant of the second oibital inchmtiont which mu&t have the 



, ' i when the oh^en iticn is tn ^ 

N. j 1 emeisun 

Add together the two orbital inclinations, having proper regard to their 
names ; and to the log, cosecant of this sum add the preceding sum (Si), 
the prop. log. of the horizontal parallax, aJid the constant log. 8.1844. 
The sum will be the prop. log. of a correction to he applied to the time 
corrected to get the mean time at Greenwich : it must be 

~^ -~ "- of the orbital inclinations is -j ^ ' 

By applying the equation of time from p. II, of the ephemeris, there 
will result the Greenwich apparent time, and the difference between it and 
the apparent time of observation will show the lon^tude of the place from 
Greenwich ; it will he 

"W". ) ) greater 1 

_ y when the Greenwich time is > , > than the observed. 



I. SOLAE ECUPME. 

For a eolar eclipse, take the exHinple directly calijulafed in Appendix XI., 
page 41 2 ; 

Suppose the beginning of the Bolar eclipse on May 16, 1886, to bo observed to 
take place at i'' 36™ 35''6 p. nL, apparent time, in latitude 55° 5?' ao'' N., aud 
longitude about 13" W", 

*■ With the parallel of declinatioa. f With the moon'a limb. 
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Obfierved nppare 
LoQgitnde 



I' 35"' 35'.6 
14" 8'. 9 



re hence take from the cphemeris, 
:i5' 49"-9, i> = +i9'' 19', P = 54' 24 



:=3'' agi" 19'. l = +iB'' 57'. 6, 
.4, iT = S"-5, P — ■r = 54' i5'-9. 



.+ 55 46 5a . . . 
P — .r3-5ia67 
p . 9- 9990a ^ _ 

P' , 3.5i(69 9+3i 5o-7 1 
toil 9-75001 J+i8 57.6 ^ 
6mA+9.6[i83 e+i+5o 48-3 < 



p = 9.99905 
■,5(A)+9-96o6o . +9.9C 
oil +9.83=56 cos 2 +9.7^ 
'oe + 9.793i6 +9'7i 
II 9' -}-9-72a3[ 
M +9-80069 B +9'?! 
+9-93162 check +9-9; 
xn (A)+9. 64936 
in Jf +9' 57098 




3.5i38o 
9.43537 

3-94917 



By inspecting the linurlj ephemeris of the moon's right nsceusion on May 15th 
withD^T=3'' So" 12-, the most ehgible time taaaaume la evidently (() = 3" o'"o'; at 
this time wa have U) =3" 3o"42'-84, {^,) = a"' CGS, (D) = + 19° 3i' 34"-o, 
(D.) = + 9' 55"-2, (o) = 3'> 2<r 3i'.57, („) = + 9-.89. {i) = + i8'' 58' 21". 4. 
(i,) ^+ 34" -S: with these we proceed ns follows : 



(A) 



(B.) • 



.+ ,ss.> 
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(%) 

(log- 

(0 


. 3 29 3.-57 
+ 5.. 86 


(i) + 

AS + 

D, - . 

-0= + 


18 58 21-4 
33 iS-4 




. 3 30 5^.43 
. 3 3o 42.84 


.9 3, 39.8 






('„) 


. —0 18.41 




log. 


. — i-265o5 
= .04450 
. —9.32055. . 

3-55630 
. _ 2.776K5 
— o'' 9"' 58-- 2 
3 


+ 2.7485o(i) 

-9...055 

_._^(i9o5 
0° I' 33".! 
9 3i 34 -o 




9 3o 0-9 



I 45 a3 -3 GreeD 
3 56 -0 Equati 



?. 97428 

=.o445» 

I -17609 

37^^(1) 

j^36H0-W 

9-97384 

..99520 



6-78354 (3) 
3.58867 (3) — (!) 



W. of Greenwich. 
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n. OCCUI.TATION OF A STAR. 



Suppose, at Bedford, on Jaonary 1, 18S8, in latitude 33° 8' i8" N, the immer- 
sion of t Leome to be observed at fo'' Sjm sa'.4 p.m., apparent time, and the 
estimated longitude to be about o'l i^ W. Required tJio longitude! 



,o39 
o I ^ 

7 
1T47 



Reduc. ... lo 57 

Rednced or goocentrio latitude. 



Fur Jan. 1, at 10'' 47", we find, from the Rpberneris, ©'9 R. A. ^= 19'' 
II '9 dee. ;=N. iS" 5o', and B 's eqn. hor. par. = 56' i"-9. 



10 s3 !6 
67° 5i' 



P. L. D'slio 
corr. for Int. 


par. 


P. L, corr". I1 
see. red. Jat. 


r.par 


coaee. hour a 


agle 


.um|S,) . 




. . P. L. corr". 





i^'s hour angle E. eorr^. 



ieo. red. lat. 



0.5077 ■ 
o-oi5o . 



*'b dee 
*'i dec 



^■3 R. A. . . 
^'a R. A. eorr^. ' 



9-9S3fi 
'■9"° 



On referring with the ^'a corrected R. A. to the hourly epliemeris of tTie ir 
it -will eridentlj- be moat convenient to talie out the data at 1 1" ; for this tinii 
bave B'sR, A. = 10" ^o" 53'.47, honrlj motion B 'a R. A. = =■" 3'. 9, D's de 
N. 15" 47' n"-o, hourly motion B'sdec =S. 11' 4i"-5. 
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immoQlog , . i-i86ii 
1, log. h. 111. t 's R.A. 2-0896 



core". ..07 29.9 F.K I -3803 con". . S. o i 27.7 P.L. 2-0906 
Time assumed ii o B 'a dec . N. i5 An ii-n 

Timecorr". . 11 7 29.9 ]) '3 dec, corr'i. IT. i5 45 43-3 



com. log. h- m. Jl 's li. A- . a-o 

COS. D'b corH. iJeo, . . . 9-9 

fl"m{S,) w 

P, L. \. m. > 'a dec . , . i ■ 1 

1st Orb. iucl If. 11° 34' cot. o74 



I-35G3 
9.4354 
o-o3i5 



2nd Oib. iucl. S. 61 
Bura . . . s.'a^ 



P- L, Ys lior. p 
conM. log. . 
P- L. . . - 



o.5o58 
o.3iG4 
0-1957 

o-5o68 



Greenwich app. t 
Observed " 
Longitude 



P. S. — The principle of reversing the effect of the relative horizontnl parallax 
on tlie position of tlio bud, instead of using tbe actual effdct on the position of the 
moon, may be advantageoosly employed in the direct calculation of an eclipse for 
a particular plaee. It n'ill only be necessary to use the parallaxos for the snu 
viewed as an apparent position, and to diminish the semi-diameter by the amount 
derived from the table on page S6I). Thu^ it appears, at tiie beginning of the 
eclipse, for instance, that the contact may be mathematically tested in two ways. 
First, we may apply the actual effects of the parallax to the true position of the 
moan, then angment her semi-diameter, and thus establish a contact of the limbs. 
But, if we reverse the operation, and consider the sun to be an apparent body 
under the influence of the relative parallax, then dealing it from this supposed 
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bfluence by reversing the parnilitx, and diminishing the semi-diaincter, a contact 
will similarly he estublished with the true limb of the mooa ; and this principle, 
m its application to solar eolipaes, poBscssea an advantage similar to that derived 
in the case of an ocenltatioB, by conBidering the star as an apparent place. (Seo 
Appendix XL, page 309.)* 

The formula!, Noa. 2, 3, i, ami 5, pp. 406, 40T, may, according to this 
method, he supplied by the foUowiDg : 

2. J" = p{J'-*); m = P'eosi; 

$1 = [9.4130] ; tgs ^ [9.4180] m ain 6; 

« = [9,43537] P. 



A A in minutes = [7.92082] A sin /t; 
(A) -k-Ah; 
tanfl ^coa (A)cot Z; (? = cos (A) cos I; 

tanJf = 7-. ^ taa (A); tan s= tanW + J) cos J/": 

cos (a + 6) ^ ' ^ ' 



& 



■ ■ • cos{d + d) JS\ 
a^=: ff ~ diminution for s; 



J partial ) 

1 total or annular ) 



phas. 



&^ = - — T- ; A a = i„ sin A ; 

Aa,= Q,k^cosh; aS.^Q^ sin (/*). 

B. S^ = S + a5; a'=a — Aa; 

y = {a-Aa)c<mD; y, = (a, - A a,) cos iJ ; 

a={B + a' corr.) — 6^; x, = D^ — A J,. 

• ThiH waa iondvertentlj aearibed to Carlini, Professor Henderson, by whom 
a paper has appeared upon this very point in the QitiTlerly Jutintal for 1828, 
page 41 1, iTiforms me that the method haa been long in practise, aud tliat it waa 
employed at an early period bj Dr. Maakolyuo. 
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% V34. Longitude by Iklipses ofJupiter'') Satellites. — Th« eclipsies of 
Jupitei''s satellites are computed iu advance, au<l the tiuias of occuiTence 
inserted in the Nautical Almanac, to facilitate tie determination of terres- 
trial longitude. After aseeiiaining, by inspection, ahout the time an 
eclipse begins aad ends, the satellites ai'e watched with a good telescope, 
and the precise local time of entrance into and depailare from the shadow 
noted aa neaily as possible. The time given in the Almanac, diminished 
by this observed local time, is the longitude; west, when the difference is 
positive, east when negative. This method for finding longitude is defec- 
tive, for reasons stated in § iSJ. 



§ 735. To divide and measure time and to nof« the < 
events in a way to give a distinct idea of their order of s 
the intervals of time between them, is the purpose of Chronology. 

§ 736. All measurements require standard units. These units are, for 
(he most part, purely arbitiary, and are equally convenient in practice. 
But such is not the case in chronology, Time is divided and maiked by 
phenomena which are beyond om' control, and which indeed regulate our 
wants and occupations. The alternation of day and night forces upon \is 
the solar day as a natural unit of time. 

§ 737. To avoid the use of numerous figures in the expression of great 
magnitudes, all measurements must have theif scales of large and small 
units, and usually the selection of the larger is as aihitraiy as the smaller ; 
but here the phenomena of nature again interpose, and the petiodical 
return of the seasons, upon which all the more important arrangements 
and business transactions of life depend, prescribes the tropical yeai' as an- 
other and higher order of unit in chronology. 

§ 738, But the solar day and tropical year are both variable, and are 
therefore wanting in all the essential qualities of standards. Neither are 
they commensurable the one with the other ; they are on this account 
unfit units for the same scale. In the measurement of space, for instance, 
each unit is constant, and one is ,an aliquot part of another — a yai'd is 
equivalent to three feet, a foot t<> twelve inches, &o. But a year is no 
enact number of days, nor an integer number and any exact fraction, aa a 
third or a fourth, even ; but the surplus is an incommensurable fraction 
which possesses the same kind of inconvenience in the reckoning of time 
that would arise in that of money with gold coins of 101 dimes and odd 
cents, and a fractiou over. For this thero would be no remfdy but tc 
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keep an accucate i-eg^ster of the surplus fractions, and when they amount 
to a whole unit, to east them over io the integer account. To do this in 
the simplest and most convenient manner in the reckoning of time, is fh.e 
objeot of the calendar 

I 739 A calendar 13, therefore, a classification of (he natural and other 
divjaiona of time, iMth such rules for their application to ehronolc^y as 
shall take into account every portion of duration without recording any 
one portion twice 

Theae divwocs are jeari, months, weeks, days, and eertMn periods, to 
be noticed presently, and which are chiefly important in the use made of 
them in fixing upon a common epoch or oiigin of reference. 

§ 740. Julian Calendar. — The years ai'e denominated as yearn current, 
not as years past, from the midnight between the 31st of December and 
Ist of January, immediately subsequent to the birth of Christ, according 
to the chronological determination of that event, and this origin is desig- 
nated by the letters A.D. or B.C., according as the year is subsequent or 
previous. Every year whose number is not divisible by four without a re- 
mainder, consists of 365 days, and ev&ty year whioh is so divisible of 366. 
The additional day in every foui-th year is called the Intercalaty day. 
The yeais which consist of 865 days are called Common years ; those which 
consist of 366 days are called BissextiU years, and frequently Leap years. 
The mean length of the year by this mle is obviously 386} days, and the 
mode of reckoning time by this unit in the way just described is called the 
Julian Calendar. 

§ 741. The year is divided into 12 months of unequal length. They 
are named, in order of succession, January, February, March, April, May, 
June, July, August, September, October, November, and December. 
January, March, May, July, August, October, and December, have each 
81 days ; each of the others except February has 30, and Februai'y has in 
a common year 28 ani in a bissextile year 29 ; so that the intercalary day 
is added to February. The weeks consist of seven days, named in oii:ler, 
Sunday, Monday, Tuesday, Wednesday, Thursday, Friday, and Saturday. 

§ 742. Gregorian Calendar. — The Julian year conasts of 365.26 days; 
the tropical year of 365.24224, making. the Julian longer than the tropical 
by 0.00776 of a day, and causing the seasons to begin earher and earlier 
every year as designated by (he Julian dates. In process of time the 
seasons would therefore correspond to opposite dates of the year, and as 
this was likely to interfere with . the times of holding certain church fes- 
tivals. Pope Gregory XIII, determined upon a reformation of the Julian 
calendar. 
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§ 1i3. In A. D. 825, tiio seasons, festivals, and Julian dates corres- 
ponded witti one another, according to cliurch rule. The reformation was 
effected in 1582. Now (1583 - 325) X O^'.OO'r're = 9''.6243. Again, 
C.OO^Te X 400 = 3'^ 104 The Pope ordered that the day followiBg, fhe 
4thofOctob 1532 1 Id be called the 15th insteid of the 5th. This 
brought the d te ot the un's entering the vernil equinox to what it waa 
in 325, tl hm of h Id ng tlie Council of Nice And to secure this 
eoincidentc n futa eh 1 o ordered that three inteicaliu) ddjs should be 
omitted e y f u h ud d yeai'a, the omissions to take plate in those 
centennial years which are not divisible by 400 ; so that 1700, 1800, and 
1900, which by the Julian mode of reckoning are bissextile, are made by 
the Gregorian common years. There is, therefoi*, at the present time, 
viz., in the ISth century, a difference of 12 d^iys between the Julian and 
Gregorian dates. The mode of reckoning by the Julian calendar is called 
Old, and that by the Gregorian JVeai Style. New style is followed 
throughout Christendom except in Russia, where the old style is pre- 
served. 

§ 744. Sdar Cycle. — This ia a period of 28 Julian years, after the lapse 
of which the same days of the week in the Julian syatem would return to 
the same daya of each month throughout the ye^. For four auch yeai'a 
consiat of 1461 days, which ia not a multiple of 7, but 7 times 4 or 28 
years is a multiple of 7. The place in this cycle for any year of A. D. is 
found by adding 9 to the year, dividing by 28, and taking the remainder. 
Wteu there is no remfunder, the number sought is 28. 

I 745. LunarCycle. — Thisisaperiodof ISyearaoraSSlnuationawhich 
differ from 19 Julian years only by about an hour and a half; so thaf, 
supposing the new moon to happen on the first of January in the first year 
of the lunar cycle, it will happen on that day or within a very short lime 
of its banning ijr ending again after the lapse of 19 years. The number 
of the year of the lunar cycle is called the golden number, to find which 
add 1 to the number of the year A.D., and take the remainder after 
dividing by 19. If there be no remainder, the golden number will be 19. 
The golden number is used in ecclesiastical dates to determine the civil 
date of Easter. 

§ 746. Oycle oflndktion. — This ia a period of 15 years, used in the 
courts of law and in the fiscal oi^anization of the Eoman empire, and 
thence introduced into legal dates as the golden number into tie ecelesiaa- 
tjeal. To find the place of any year of A. D. in the cycle of indiction, add 
3, divide by 15, and take tlie remainder. If there be no remainder, the 
number sought ivill be 15. 
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§ 747. Julian Period.— The product of 28, 19, and 15 is T980. Thia 
js called the Julian Period ; aud it is obvious that after tliis period, tlia 
yeai'9 of tlie solar, lunar, and indiction cycles will recur in the same order ; 
tliat is, each year will hold the same place in all the three cycles as the 
.corresponding year in the previous peiiod. 

§ 748. As LO common fector exists in the numbers 28, 19, and 15, it is 
plmn tlint no two years in the Julian period can agree in its three compo- 
nent cycles, and to specify tie number of a year in each of the latter is to 
specify the number of the year in the Julian period, which now embraces 
the entire autheutio chronology. Tlie first year of the cun-ent Juliaa period, 
or that of which the number of the three subordinate periods is 1, was the 
year B. C. 4713, and noon of the 1st of January of that year, for the me- 
ridian of Alexandria in Egypt is the chronological epoch to which all his- 
torical eras are most readily referred, by computing the number of integer 
days intervening between it and Alexandria noon of the days which serve 
as the respective epochs of these eras. The meridian of Alexandria is 
chosen, because it is that fo which Ptolemy refers the commencement of the 
era of Nabonassar, the basis of all his calculations. 

§ 749. Given the year of the Julian period, tiose of the subordinate 
cycles are found as above. Conversely, ^ven the year of the solar, lunar, 
and indiction cycles, to determine the year of the Julian period, proceed as 
follows, viz. : Multiply the number of the year in the solar cycle by 4846, 
in the lunar by 4200, and in the indiction by 6916, and divide tlie sura of 
the products by 7980, and the remainder will be the year of the Julian 
petiod sought. 

§ 750, A date, whether of a day or year, always expresses, as before re- 
marked, the day or year current, not elapsed ; and the designation of a year 
by A. D. or B. 0. is to be regarded as the naim of that year, and not as a 
mere ivumher dedffnatin^ ike place of the year in a scale of time. Thus, 
in the date January 5, B. C. 1, Januaiy 6th does not mean that 5 days in 
January have elapsed, but that 4 have eJapsed, and the 6th is ouirent. 
And B. C. 1, indicates that the Jirst day of the year so named {the first 
current before Christ) preceded the first day of the commoii era by one 
year. The scale A. D. and B. C. is not continuous ; the year 0, is wanting 
in both parts, so that supposing the common reckoning correct, our Saviour 
was bom in the year B. C. 1. 

§ 751. Epact. — The mean age of the moon at the commencement of a 
year is called the epact. It is a name given to the interval of time be- 
tween the firet of the year and the'next pi'ecediug mean new moon ; it is 
n days, hours, minutes, and seconds. lis use is to find the days 
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of mean new and full moon tliroughoiit the year, and thence the dates of 
certain church festiyala. 

§ 752, Equinoctial Time. — Astronomical time reckons fi'om noon of 
ihe current day ; civil, from the preceding midnight. Astronomical and civil 
dates coincide, therefore, only during the firet half of the astronomical and 
last half of the civil day. Were this the only cause of discrepancy, it might 
be remedied hy shifting the astronomical epoch to coindde witi the civil. 
But fhei-e is an inconvenience to which both are liable, inherent in the 
nature of the day itself, which is a local phenomenon, and commences at 
different instants of absolute time under different meridians. In conse- 
qneuco, all astronomical observations require to be given, to render them 
comparable with one another, in addition to their date, the longitude of 
the place of observation from some known meridian. But even this does 
not meet the whole difficuity, for when it is Monday, 1st of January, of any 
year, in one part of the world, it will be Sunday, 31st December, of the 
preceding year, in another part of the world, so long as time is reckoned 
by local hours. 

The equivoque can only be avoided by reckoning time from an epoch 
common to all the earth. Such an epoch is that which marks the passage 
of an imaginary stm having a mean motion equal to that of the true sun, 
through a mean vernal equinox receding uniformly upon the ecliptic with 
a motion equal to the mean motion of the true equinox. Time reckoned 
from tliM epoch is called eq'uiroctial time. Equinoctial lime is therefore 
the mean longitude of the sun converted into time at the rate of 860° to 
the tropic;d year. 
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APPENDIX II. 

ASTRONOMICAL INSTRUMENTS. 

Astronomieal Clock and Chronometer. 

1. — The order and succession of celestial phenomena inake time a 
most important element in aati'onomy, and accordingly the utmost scientific 
and mechanical skill has been devoted to the perfection of instrumenta 
to indicat« and measure ila lapse; § 37. 

The best time-keepers now in. use are the Clock and Chronometer. Both 
consist essentially of a motor, a combination of wheel-work to transmit aod 
quahfy the motion it impresses, and a check, alt^raately to arrest and 
liberate the raoTement, and thus to mark an interval designed to be some 
aliquot part of a day, the natural unit of duration. 

3, — The Clocki—la the clock, the motor is a weight A suspended 
from a cord wound about the drum £ of a wheel C, and the check is 
the sinchor escapement JV, controlled by the vibrations of a pendulum P, 
whose rod is geared to an arm projecting fi'ora the asis 0, with which the 
anchor is firmly connected. The weight A turm the drum £ and its 
wheel C; the wheel C turns the pinion D and its wheel H; the latter 
turns the pinion ^and its wheel &, and so on to the pinion L and its 
wheel M, c'dled the scape-wheel, of which the teeth are considerably under- 
cut, so as to turn their points in the dii'ection of the motion. The flukes 
of the anchor are turned inward, forming two projections called pallets. 
The distance between the ends of the pallets is less than that between the 
points of two teeth that lie nearest the line drawn from one pallet to tiie 
other ; and no two teeth can, therefore, pass tiie same pallet without the 
wheel being arrested by the contact of a tooth on the opposite side with 
the other. 

With the swing of the pendulum the anchor oscillates, and one pallet 
ia thus made to approach while the other recedes from the wheel. As soon 
as the receding pallet disengages itself from a tooth, tlia wheel is turned 



-dbyGoogle 



SPHERICAL ASTRONOMY 



# 



Oft 




,, -/'>fi;;f^, 



by the nolo aad ntermed ate mich n« j 1 11 aire ed by 1 e app oiol Dg 
pallet now d rposel 1 etween ts h on the ojjis e ade Tl e re 
tu nng awng ot the jendulun r veisi-s tl jalet no on lb te. the 
vleel long enouEjli fo inothe outh to {^as anl agan a e ta t and 

Thi b cgi ating t3i9 length of the pendul m anl number of teeth 

tie cape wheel an ndet or hand connec ed with the a bor ot tie 

la er ay be made to t avel by s ct.&s ve leap as t we e aio nl tl e 

c mfer n e of i c r 1 on he d 1 pi e any gi en t n e 

3— -Ifl anh h nncinhl onds pind lum -and 

tl e e be s e h on the h el e c 1 a] 11 a Ic ^ ond The 



-d by Google 



APPENDIX II. 339 

moUons of the minute and hour hands are regulated by suitably propor- 
tioning the relative dimensions of the intermediate wheels with whose 
arbors these hands are connected. 

4. — Tie scape-wheel being in a state of constant tension hy the 
incessant action of the motor, its teeth must act upon the pallets first by 
a blow and then by a pressure during the time of contact. Now, the 
bearing surfaces of the pallets are so cut that a normal to them at the 
point of action passes clear of the asis of th& anchor, and on that side 
which will cause the blow and subsequent pressure to act for a part of the 
time in favor of the pendulum's swing, mid thus U> restore whatever ot 
its arc of vibration may have been lost by friction and atmospheric re- 
sistance. 

6. — The pendulum bob possesses the principle of compensation. It 
consists of a cylindrical glass vessel resting upon a plate at the end of the 
pendulum tod. This vessel is filled with mercury to a depth so adjusted 
to the length of the rod as to elevate by its expansion or depress by its 
coniraction the centre of oscillation just as much as this centre is depressed 
by the expansion or elevated by the contraction of the rod during a 
change of temperature. The distance between the axes of suspension and 
of oscillation being thus made invariable, the time of vibration wiH con- 
tinue constant, and Uie check be interposed at equal intervals. 

6. — Chronometer. — The duonometer is an accurately constructed 
balance watch, uniting great portability with extreme accuracy. It is of 
various sizes, the larger having dial-plates from three to four inches in 
diameter, and running from two to eight days between the windings. 
The larger kind are suspended upon gimbals to secure uniformity of 
portion, are mounted in boxes, and are called box chronometers. The 
smaller kind resemble in shape and size a common watch, arc worn in the 
pocket, and are called pocket chronometers. 

7. — The motor is an elastic spiral spring inclosed in a short cylin- 
drical box ji, called the harrel, one end being permanently fastened to a 
stationary axis JE, about which the bairel freely turns, and the other to 
the inner surfece of the barrel. 

The baiTel being turned in the direction of the coils of the spring, the 
elastic force of the latter is brought more and more into play, and its 
variable action thus produced is communicated by means of a chain B to 
a variable lever G, called a, fusee, whose office is to modify and transmit it 
uniformly to the works of the instruments 

The fusee is a conical solid having its surface broken into a spiral 
shoulder, running from one end to the otiier, the curve being so regulated 
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that the distance of any one of its points from the axis of the fusee's rao- 
tion multiplied into the force of the spring, acting thvougli the intermedium 
of tlie chain, shall bo !i constant quantity; and as the main wheal B, which 
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8. — The swings of tte pendulum hv which the check was alternately 
interposed between and withdrawn fiom the teeth ot the "^lape-wheel in 
tlie cloci, are, in the chronometei, replaced by the iibrationi of what is 
called the balance. This consists of i wheel B, freely mov ible about an 
axis 0, and athin spiral spiing S one end of nliich is securely fastened 
to the hub of the wheel, and the other to a hxed support A. It when the 
spring is free from tension, the wheel Fig- s. 

be brought to rest it will remain so, 
just as a pendulum bob brought to 
I'est at its lowest point will remain im- 
movable. If from this position of the 
wheel it be ttirned in either direction 
about its axis, the spiing will wind or 
unwind, the elastic force of the spring will be called into pliiy, and will, 
when the wheel is uaobstruct«d, cany it back to its position of equilibiium. 
But having reaehed this position, its living force carries it beyond ; the 
action of the spring is reversed, and, after destroying the Uving force, 
will reverse the motion; the wheel will return to its position of equilibrium, 
which it will reach with a living force equal to that it had before at the 
same place, but in a conti'ary direction. The wheel will pass on, the action 
of the spring be reversed, the wheel will return as before, and thus the 
vibrations be continued forever, as in the case of the pendulum, but for 
the waste of living force from friction, atmospheric resistance, and absence 
ai perfect elasticity m the spring. 

9. — The angular acceleration impressed upon ttie balance by the spring 
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d by (lie momeat of its elastic force divided by the moment of 
inertia of the entire balance. When the temperature is increased, tlie 
spring is lengthened acd the elastic force it exerts lessened ; the v/hoA is 
expanded, its matter thrown further from the axis of motion, and the mo- 
ment of inertia consequently increased. On both accoiials the angular 
acceleration is diminished, and the balance will vibrate slower, and the 
iatervajs between the checks be increased. The effect is just revsraed when 
the temperature is diminished. This is the source of gieafest difficulty 
with all portable time-keepers, and renders tlie common watch worthless 
for any thing beyond an approximate indicator of the time. 

10. — To remedy this defect, the com 
called an expansion haiance^ which is re- 
presented in the figure, A A is a. bar 
which receives the end of the arbor into 
an aperture at its niiddle point. To the 
ends of the bar are securely attached two 
compound metallic cui'ves G, composed 
of two concentiie strips, one of steel and 
the other of brass, the latter being on the 
convex side; tliese are soldered or burned 
together throughout their entii'e length. 
Each of these curved pieces cames a heavy n 
end to the other, but capable of being secured ii 
of a small clamp-screw shown in the drawing. 

Now when the temperature increases, the exterior brass expanding more 
than the interior steel, the ends ai'e thrown inward towards the arbor, 
while the ends of the bai' are thrown outwaid, but through a much less 
distance ; and thus by p pe ly a Ij ng the places of the raafaes J) D, the 
moment of inertia ot th fa 1 n e may be made to vaiy directly as the 
moment of the elast f t th pring ; in which case the angular ac- 

celeration becomes jdh tant, n 1 th intervals between the iutei'position of 
the checks equal, \ 

H. — To regulate the rate, two large-headed screws B 5, called Jnettn- 
tnne screws, are inserted, one into each end of the bar. If the chronometer 
run too slow, the moment of inertia is too gi'eat for that of the spring, and 
these p«rews must be screwed up, which has the effect to lessen the dis- 
tance of their heads from the axis of motion, and thus to lessen the mo- 
ment of inertia, and increase the angular acceleration. If the chronometer 
ran too fast, the screws must be unscrewed, the effect of which must be 
obvious. 
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12 — TJie escapement is of the bnd usmlly .^lled the detached, from 
the feet that except at ceitam instants of time the whole appendage of 
tile laliiiLe-apntig is relieved fiom ftiP iftion ti the sl tpe-wheel. 




The scape wheel la represented at M, it la uiged by the motor, acting 
ihtough the wheel woib to mcve m tlie dnection of the arrow-head. A 
steei roller f cilled the m im p lOi'^ is flrmlj fivwl to the aibor of the bal- 
ance In the pilU IB 1 notch z, hi-vrng one ot it's fi-'^a considei-ahly un- 
dercut, ind co\eied with in agato or luby plite to leceive tJie action of 
the teeth of the seipe whei'l Securely fixed to one ot the frame-plates of 
the chronometer is a stud £, and to this is attached a spring A, called the 
(fe(«i( ; this spring is extremely tliin and weak at the siud £■ Attached 
to the detent is a stud J). A ruby pin projects from the detent at c, which 
receive a tooth of the scape-wheel when one escapes from the pallet bear- 
ing i. From the stud D proceeds a very delicate spring H, called the liftinff 
sprinff, which rests upon and extends beyond a projection ff from the end 
of the detent; this projection being so made tliat the lifting spring cannot 
move in tJie direction j^owi the scape-wheel withsut faking the detent with 
it, and thus lifting, as it were, the pin c from the tooth with which it is 
in contact, while it leaves the lifting spiing free to move towards the scape- 
■wbeei without disturbing the detent, Concentric with the main pallet, at- 
tached to and just above if, is a small projecting stud a, called the lifting 
pallet, which is flattened on the fiioe turned from the scape-wheel' and 
rounded on the other Tiie flattened is called the lifting face. 

13. — Mode of Action.— In ih€ position of fte figure, the main pallet, 
undei' the action of the balance-spiing, is moving in the direction of the 
arrow-head/ and the hfting pallet is coming witli its iitlingfece in contact 
with the lilting spring £, which it lifts with the detent so as to I'aise the 
pin c clear of the tooth of the scape-wheel with wliich it is iri contact. 
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By the time flie ivheei is free from the piu c, the main pallet has advanced 
far enoiigli to receive ?n impulse from the tooth t upon its jewelled surface 
j, and before this tooth escapes, the liftiug pallet a parts with the lifting 
spring E, and the detent returns to its place of rest and interposes the pin 
c to receive the tooth t^ as soon as the tooth ( has been, liberated by the 
onward movement of the main pallet from its face i. The balance having 
performed a vibration ty the impulse given to the main pallet, returns by 
the action of the balance-spring, and with it the lifting pallet a, whose 
rounded face, pressing against the lifting spring E, raises it and piBsea, first 
the detent without disturbing the latter, then the lifting spring, and moves 
on till the balance has completed the vibration, when it returns to the po- 
sition indicated in the figure, and the same evolution is performed again ; 
'Ca^ balance thus iiiakiug t%vo vibrations for every impulse. 

The Vernier. 

1 . — This is a device by which the value of any poiiiou of the linear 
distance between two divisions of a gi'aduated scale of equal parts may be 
found in terms of the space itself. ' 

It consists of a scale whose length is equal to any assumed mimber of 
parts of that to be subdivided, and is divided into equal parts of which the 
number is one greater or one less tliau the number of tlie primary scale 
taten for the length of tlie vernier. 



^FFP^- 



Let AD b& any scale of equa! pari;:, and denote by s thv length of n— 1 
of these parts ; then will 



be the value of the unit of the scale. Take a vernier £Eof equal length 
s, and suppose it divided into n equal pai'ts, then will 



be the length of one of its parts, and the difference of length 
parts of the scale and an equal number of parts of the vemior, will be 
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But is the value of the unit of tlie scale, and n the ivhole number of 

n—l 

ciiylsiona of the vernier ; deuntlng the first by V, this differeaoe may be 

written 



Now, the length of a part on. the scale is gi'eater than that on the vernier, 
and tlie number of parts on the vernier is greater by one than the number 
in an equal length on the scale ; henue, if the to"' intennediat* division of 
lie vernier coincide with any one division on the scale, the zero of the ver- 
nier will iall between two divisions of the scale, and he in advance of that 
beaiing the smaller figure by the distance expi'eased above ; so that, taking 
the zero of the vernier as the index or pointer, its distance from the zero of 
the scale will be the number of units denoted hy the figure on the division 

next preceding, plus the — th pait of the unit of the scale. Thus, in the 

figure, A being tlie zero of the scale, B that of the vernier and therefore 

the pointer, the distance of the latter from the former will be Aa-\-aB\ 

and because ji=10, and tlie division 6 of the scale coincides with the 4th 

4 
of the vernier, ?»^4, and the distance AB:=Aa-^—r .fe. 

2. — The least value that may be read with certainty is obtained by 
making to=1, which will give, 



Whence we have this rule for finding the lowest reading by moans of tlie 

Divide (he lowest cnunt, or unit of the scale, by t?ie number of divisions 
(Ml the vernier. 

If the scale be tenths of inches, and we make ji=10, then will 

K 10 100' 

in which case the subdivisions will be carried to hundredths of inches. 

3. — The vernier is equally applicable to all kinds of scales, to circiil.i.r 
as-well as rectilinear; tho only condition being that the different parts 
shall be equal. 

Suppose each degree on tJie circumference of a circle is divided into 6 
equal parts, and tliat the number of parts on the vernier is 60, then will 
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r=io'=(ioo" 



So that tlie refidi ug of angles with an instrument having auch a circlo may 
be cairied to ten seconds. 

Micrometer. 

I. — -The Micrometer is an instrument employed to make minute 
measurements, and is applicable alike to time and linear distance. It has 
various forms. 

]*, — The Reticle. — He Who views a distant object through a telescope, 
does not look at the object but at its image within the tube of the instro- 
ment. The image of a point is always in a plane through the focus of the 
lens conjugate to the point itself, and perpendicular to the tube of the tel- 
escope. The visible portion of this plane is called the field of view. Some 
point in the field of view is arbitrarily assumed as an origin of reference, and 
marked by the intei'section of a pair of cross wires. The line through this 
point and the optical centre of the field lens, is called the line of collimation. 

2. — If the telescope be at rest and an object in motion, the image of 
any one of its points will when iTMble pass ^cross the field of view; and 
one of the opaque wires being made t« coincide with its path, the image 
will move directly towards the line of collimation, and the exact instant of 
its reaching it may be noted. But every such obseiTation is liable to error. 
To mcrease the chances of a^oidmg this erroi, the wiies maikmg the Ime 
of oollumtion are made pcrpendiculai to one another, and an equal number 
of equidistant and parallel wii es -idded on eithei side of th it w hich :s per- 
pendiculai to the palh of th'= im^ge When the motion of the image a 
unilorm, an average of tht, time* of p-issing the paiallel wiies will, accord 
mg to the doctiine of chances, give i time of pissmg the hnn ot collima 
tiou more flee fiom cuor than the single observation 

3 — This simple term ^^^ j^j ^ 

of the micrometer is oall A;d™««ifc'!*, 

ed a rehde The wires or . KT 'T'^aSili , ,' 

spidei lines lie stietched 

acioss 1 ciicular metjlhc 

diaphiagm pieiced by a 

large concentric opening On the edge of the diaphragm 

prolongation of the single wiih t«o studs pioji-ct it njfht 

phne, and fhc e with tvo intigcni'^tii^ scien*- A£ h id tin 
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Bition ; the screws, for this purpose, passiug tlirough the tube of tie teles 
cope and leaviug the heads exposed for pui'poses of adjusiinent 

4. — Position Filar Micrometer.— Ih.^ purpose of tliia instvument ia 
to measure the angles at the observe)', subtended by the distances between 
objects that appeal' veiy close togetlier, and to detennine the positions of 
t3ie planes of these angles. It consists of two paits, viz.: One to measure 
liie angle between the objects ; ^d the other, the inclination of the plane 
of the objects and observer to some co-ordinate plane. 

5. — The firet is represented in the figure, a and c are two fine par- 
allel wu-es, wbeh aie made to iiio\q at nght ingks to their lengths by 
means of screws trml 7 connected with the tuiks^l and (?, to whose prongs 
they arc att.Lhcl Th s 1 1 I 1 1 tt (' ds to the njfh and arc 



,- L 



moved by nuts si raountid as to i<\m\i ot i niolion of lot'ition without 
translation, so that by tutnm^ the nuts 1 motion A tianslition is commu- 
nicated to the wues m eithei di potion, dependmg upon the dnection of 
the rotation The outer surfaces of the nuts, aie :-}!indiical ind enter fiic- 
tion tight the cential peitoi-itions of two ciiculii wheels whose planes are 
pei'pendicular to the lengths of the screws, and which are large enoagh to 
admit of their circumferences being divided into 100 equal parts, which 
parts are mai'ked and numbered. Each wheel is provided with a station- 
aiy pointer or index. 

A diird and stationaiy wire, perpendicular to the first two, is supported 
by a diaphi'agm disconnected from the forks. Up^D one of th" interior 
edges of this diaphragm, and parallel to its wire, is a giaduated scale in 
the shape of a comb, having 50 teeth to the inch, so that one revolution of 
a nut will cany its movable wire fjom the centre of one \ alley between the 
teeth to that of the nest. Near the central valley of the scale is a small 
hole to mark the zero of the comb-scale, from which the scale is estimated 
in either direction. It is easily seen that a turn of the nut-bead tlu'ougb one 
of its divisions will move its wire through a linear distance equd to ^^ of 
ts '^'^ WSF "^ *'! ™'^ i ^'^'^ having asceitained by the measurement of 
some small distance on tlie circumference of a gi'eat circle of the celestial 
sphere, or by the process in Appendix 'So. I., its equivalent in arc, this, the 
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miciometer part of tli ir^ngemcut h leidih ippliiil fo tlifl Icte 'mi nation 
ot small ingles 

6 — The =efOD.d iiid position pait consists of a circular plate j4 j4, 
(.died the postttort cjclc wnie three or four inches in diame tor, having 
its Liicunifeience diiidfd into 3C0° wliidi iie ^a;am subdivided to any 
convenient extent. The cential part is i,ut iwij ind the mici omeler 
airangement so att'iohtd, with ita wires panllel to the pwition circle, as 
to admit of a free motion P i". 

of rotation about an ims 

thiough Its centie and ^wr 

pLiiHicnlai to the plane of 

the wiies To the levolving 

phte ot the mictomete! put 

aie attached two verniers 

V V and motion is com 

municated to tlic lattei by a ^''-^S'^^^^^ ^-^ 

ratt.het and pinion, ot vliidi 

latter the he id is seen at The microscope by which the wires and 

comb-sc^le ate mjgmfied, ind which serves also for the eyeglass of 

the telescope is lepresenled it H By means of a screw cut upon a 

projecting img «oiind the large and cential aperture of the position aide 

the instrument, as lepieaeated in the figuie, is attached to the tail end of 

the tfilewope 

7 -—To meisure the angular distance between two objects in the 
held ot view turn the ht id till the fiied wiie passes through their 
imnges, then bisect the im^jfes by the moviblewiies note the leading 
on the comb Scale and upon the hcdd'' , take their sum oi diffeience 

KLoiding as the wnes ire on opposite side or same side ot the zero of 
the comb- cile This reduced to arc will be the measure sought Note 
also the resiling of the position eirclK ; this will give the inchnition of the 
plane of the angle to the plane through the zero of the position circk 4 
second angle being measured in the same waj', the diffeience betwetn the 
second and firet reading of the position circle will give the inthnatnn f 
the planes of the two angles. 

MicfomeUr Revolution. 

The micrometer being supposed in place, and the eye-piece pressed for- 
waid far enough to obtain a distinct view of the wires, the telescope is 
directed to some distant object, and adjusted to distinct vision. An image 
of tlie object will be foi'med on the plane of the wires, and any one of ita 
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linear dimensions may be measured by tuiniag the portion eirele till the 
stationary wire coincides with, and the movable wires pass through tlie 
extremities of its image. The number of entire comb-teeth between the 
movable wires, multipUed by 100, and this product increased by the sum 
of the reading of the screw-heads, will give the linear dimensions of the 
image expressed in units of the screw-head. The value of the latter is, in 
the case we have taken, ^-^tj of an inoh. To find the angle subtended 
by the object, we must know the angular value of the unit on the screw- 
It is demonstrated { Optics, § 60) that the optical image of any point of 
an object, is on a right line drawn through the point and the optical cen- 
tre of the lens by which the image is foimed. The angles, at tie optical 
centre, subtended by an object and its image, are therefore equal, and if 
the images of objects which subtend equal angles were at tbe same dis- 
tance from the optical centre, they would be of the same size. The lineai 
dimensions of the imdges at the same distance from the optical centi'e, 
would therefore be proportional to the angles subtended by their respective 
objects, and to find the angular value in question, it would be sufficient 
to cause ike image of some well-defined object, whose distance and dimen- 
^^ms are knomn, to be embraced hy ike 'mires, and to dnide the angle which 
the oij'ee! subtends, espressed in seconds, as determined tiigonornetiically, 
by ike number of units of the screw-heads, which indicate their separation 
But the distances and therefore the dimensions ot images, whose objevis 
subtend the same angle, are variable, being dependent on the distance of 
the objects, and from the value found by tlie alove piocess muit be de 
duced that which would bare resulted had the ima'gi- been foimed it =iome 
constant distance, which is that of the pvincipal fccus 

Let / and /" denote the distances respectively of tiie object and its 
image from the optical centre, and F^^ the principal focal distance of the 
object-glass, supposed convex. Then, Optics, | 44, Eq. (40), 

/" / ' 

and denoting by n and N, the number of units of the screw-heads when 
tiie image is embraced at the distances /" and F,, respectively, we shall 
have. Optics, § 64, Eq. (58), 

/' : F„ ■.-.n-.N; 
whence 
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and calling a, the mimber of seconds in the angle siibtendeil by the objecl, 
we have, by the rule just given, 



^ '^-f 

Jf- n.(f-F„) 



{') 



Hxamph. — The length of the ohjeot measured in » direction perpen- 
dicular to the line of sight was 3 feet ; the distance from the object-glass, 
261.9 yards; the principal focal length, 46.'75 inches; and tlie sum of the 
divisions on the screw-heads indicating the separation of the wires, 1819. 
Then 

/^ 261.9'^; J?, = 45.'75'"- = 1.2708^'"-; n= 181D. 
/-^„ =260.6292"'\ 

whence; 



-=iSW.<>f'i-' 


bh the k 


i!v. is 7.280835 


a= 13' 07".57 


= 787" 


,57. 


Log. a . . 




2.8962892 


" / ■ ■ 




2.4181353 


" n a coinp. 




— 4.7401673 


" f-K •• 




-3.5839923 


" y =""'■'« 


— 1 b3&5h45 


me tlir <iiig,ii lubtiiidi 


-a by thi 


disUULU Lotin 



Now, to me.tauie tlir ,:iiig,ii lutiti iided by the distdULu Lotweeii any twa 
points, diiect the tele i opt' so aa to gi-l the iinigea ot the points in the 
field, and tum tiie luiciomet*.'! till the lUhonaiy wiie app«ently passes 
thi'ough them, =iinl by a motion of the scicw-heads bring the movable 
wiies to the images — the numbei of units of 'he st,rew-head, which indi- 
cate the separation of the wires, multiplied by tha decimal 0"4351, will 
give the numbei of seconds in the angle. 

llie value of -^ being a fiinction of i^,^, Eq. (o), will of coui'se vary 

with the ohjeot-glass, but is perfectly independent of the eye-glass. 

If tile distaucey be so great that .P„ may bo neglected in comparison, 
then will Eq, (a) give 

Jf = n, 

which will be the case when the ang'.ilar value is determined from astro- 
nomical objects. 
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Spoilt Leid 
1. — ■ Tbi-i 1 'in instrument used tn iJjust a line to a given position in 
reference i'< ilit fioii^on 

It consists of a cyhnjitcaj ijlaBi iuhe A A wkose atis i^ the arc of a 
cirolfi. Tliia tube is Uied neaily tuU with some one of the more perfect 
fluids, such IS "ilcoliol or n^phfhaho ether, leaving i sinall portion of air, 
Been at £ c lied the air-babble, and hermetic '»llj aeiled at both ends. It 



iMTaiiPl I __ .1 .'H 

is tken usmllf s^t in a m I dli u' ' i i ii uli mt awij on one side 
from the middle towaids, the ^.u I u c hibit tha buhLle and fiuid 

when in a honzonfal position This metalhc tubt is connected with a 
plate of metal F F \iy a> hinge F and 'Ciew D, tin, a\is ot the hinge 
being perpendiculu and that of the sciew pirallel to the plane of the 
circular asis ot the level 

2. — A scale of equal parts is cut either upon the upper surface of the 
gksa tube or npon a slip ot noiy And metal Ijing in the phne of the tube's 
curve, as represented at Gf G. The divisions of the' scale being numbered, 
the value of the spaces in ai'c is readily sacertained by attaching tie level to 
the face of a vertical graduated circle, and turning the latter sufficiently to 
cause the air-bubble to pass from one end of the scale to the other. The 
, angular space passed over by the circle reduced to seconds, divided by 
the number of units on the scale traversed by the bubbles wil! gi'e the 
value of the un t m some u nit pie of the second 

3 — CTsf— The suifice of the fluid being always hon7ontaJ the hne 
connectn g the ends of the lublle will be a level clioid of the leieli arc, 
and the ladius passing thrrugh the point if the scale imdmy between tha 
ends of the bubble will be veitical 

Now suppose any line of an instrument with which the level is u^ed 
to be made paiillel eithei to the iilus pa=sine thioui^h tlie ?eio of the 
scale or to the chord nh se ends ire maiked by the =ami numbers; 
then to make this line vertical in the first cast, or honzcnial m U 3 
second, move the instmment, the level being securely attached till the 
ends ot the bubble nie equally distant fiom the zero 

If the enJs ct th bubble 1 n t at tte =tme distince fiom the zeio, 
tie in Inal n r ol tl " 1 ne m pest un to the \ itic 1 b ? ntal 
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direction is thus fouBd : Let a denote tlio sami-.ength of the bubble, 
m and n the numbei's of the scale at its extiemities, then will 



'= V=' . ■ ■ r ■ ■ . . p) 

Tills value of x being indepcudeut of tlie length of the bubble, which 
is indeed a variable quantity, even in the same level, because of its varying 
temperature, gives the inclination of the line under consideration to its 
proper position, when the level is adjusted f« the instrament. 

If the lower sui-lace of the plate J^F be parallel to the chords of equal 
numbers, the inclination of any given hne or plane may be ascertained by 
laying this plate upon it and applying the above rule. 

But if the lower surface of the plate be not parallel to the choi'ds of 
equal numbei's, its inclination to them and that of the plane or line in 
question to the horizontal or vertical direction may nevertheless be found 
thus : Denoting the fiiBt hy y, and the latter, as before, by j^, and using 
the notation of equation (2), we have for one position of the level, 

and for the reversed position of tiie plate with its level, 
whence 



K the g^ven surface or hne he provided with adjusting screws, as la 
the case in all astronomical instruments, the ends of the bnbble may be 
brought to the same reading in the first portion of the level, in which 
case, we liave to^ji, and 

^-^-=-2/ (S) 

The angle y is called tlie error of the level, and the angle x the error 
ill level of the instrument, and the above equation gives this rule for 
finding and correcting these enors, viz. ; 
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The level hein^ placed over the given line, bnng, hy meana of the 
OiljiiUing screws of tlie mstrument, the bubble to read the same at botk 
ends ; then reverse the level, or lum it end for end, a7i4 take one fourth 
of the difference of the itew readings ; add this to the leaser of the read- 
ings, and ttim the screw D till the end of the bubble nearest the zero 
reach the mimlit r answering to this sum, to which add again the same 
quantity, and bring the end of the bubble to this new reading by tlie 
adjiisling screws of the instrument. The ends of the bubble will stand at 
t.ho 9!i!iie mimbni-s, and both eixors will be destroyed. 

Riadinq Microscope. 
1. — Thia instrument, like the vernier, has for its object to read and 
subdivide the space between two consecutive divisions of any scale of 
equal pEU'ta, and is tlie most petfect yet devised For this purpose. 

It is a compound microscope, whose object--gla9s forms an enlarged 
image of the spsice to be divided. This image is thrown upon the plane 
of two spider-lines or wires, an'anged in the form of a 8t. Andrew's cross, 
and so placed that a line bisecting its smaller angles is parallel to the 
cuts or division marks of the scale. The cross is attached to a diaphi'agm, 
which is moved by a micrometer screw in the direction of its plane, per- 
pendicular to the axis of the microscope. The head of the screw is 
divided into any number of equal pai'ts, depending upon the nature of 
the scale and the extent to which the subdivisions are to be carried. The 
nnmbeiis on die head are so placed that when the screw is turned in the 
direction to biiug them in the order of their increase to a fixed pointer, 
the cross shall move along the image-scale in the direction in which its 
numbers decrease. 

Witliin the barrel of the microscope is a stationary comb-scale, like that 
in the position micrometer. Its plane is parallel to that of the cro=s, and 
the distance between the centres of two valleys, separated by a single tooth, 
is equal Xa the space over which the cnass is moved by a single revolution 
of tlie screw, Eveiy fifth valley is cut deeper tlian the otbei's to facilitate 
the reading ; and near the bottom of the central valley of the comb is 
a small ckcular aperture, to maik the zero position of the pointer or 
index, which is a small wire attached to the movable diaphragm, and so 
placed that its prolongation shall bisect the smaller angles of the cross. 

In (1), AA is the main tube of the microscope, passing through a collar 
or support B, wliere it is firmly held by two milled nuts g g, which act 
upon a screw cut upon the outer surface of the tube. These nuts also 
sei've to change the distance of the whole microscope &om the scale io 
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be read ; A is tie object-glass placed in a smaller tube iipoa wiwe uut 
surface is also a screw, by whicb this glass may be laoveil mdi."''mlen^ 




of Ibfi m-j o tile the d iibru^m cf the cross is in a working bos, whosa 
edge IS seen ii a , la t!i« giaduited head, firmly attached by a friction 
clamp to the nut 5 of the micrometer screw / 13 a po nter attiolied to 
th& woiL eg box d IS the eye gl-isa, which movra fieely in the duLctioa 
of the a\i8 it the microscope W a sliJing tuba at c is ippitsenttd the 
bead of .1 small netew which su] poits and give moti n to the comb acjle 
within the wo Irmg box and SS rp[ rpsenta the edge of the scile to be 
subdivided Iii (2) 13 lepieseuted the field of view as nt n whpi the cje 
IS applied at d in whieb m 1 is tlie im ge of the sctle nitb one of ita 
cuts bisecting the smaller aiiQ;lLS of tie cr ts, and e the wiri, ind(\ at 
its zero position as indicated b} its Jciig =een through the centie et the 
circulai apertiue ot th3 coml" In this position of tlie p mlcr the aero 
of the gi I luated head e lo brought to the indc\ / by li Id ng h j nut 6 
fiimly m the liand, and tmning the head, which is only held m its plai e, 
as before stated, by the action of the friction nut. 

2. — The quotient arising from dividing the length of the image space 
by that over which the wires move in one revolution of the sciew-head, 
as given by the comb-scale and head, is called the run of ike raicronieier. 
For convenience, the run should be an entire number. 

3, — The image-scale must be accurately in the plane of the wirei>, 
othenvise there would be a parallactic motion, which would shift the 
position of the wires on the image-scale at every, change in the position 
of the eye, and thus vitiate the measurement. This parallactic motion 
is Hasily detected by slightly shifting the position of the eye when looking 
thi-ough the eye-glass. 

Thei'e are, then, two adjustments for the I'eading microscope, viz., that 
for the run and that for parallax:. 
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4. — The size of tlie ima^ of an object, and its distance from the 
lens by which it is formed, are dependent upon the distance of tlie object 
from tlie lens, beii^ greater in proportion as this distance is less, and Iras 
as it is gi'eater. 

If the distance of the object-glass of the microscope from the scale 
bo changed by means of the screw on the tube at h, the size of the image 
space will be altered, and may, therefore, be made of such dimensions 
that the cross will move from one division 'to the next in oi'der, by a given 
entim number of revolutions ; and if by this operation, the image be 
tiirown off the pliine of the wires, aa it in general will, it is restored by 
changing the distance of tlie ■whole body of the microscope from the 
scale by means of the milled nuts ffff. By two or three efforts cautionsly 
conducted, the adjustments may be made without difficulty. 

To illustrate, let the scale be that of the sexagesimal division of the 
circle, and suppose each degree divided into twelve equal parts, each 
space will be equal to five minntes ; if we mate the ran five, each tooth 
on the comb will be equal to one minute, and if the screw-liead be divided 
into sixty equal parts, each of its spaces will be equal to one second; so 
that the circle may he read to seconds. 

Now suppose on examining the run, which is done by turning the 
screw-head til! the cross moves from one division to the next in order, it 
be founif 5' 10" ; it is too gi'eat. Move the objecfr^lass k from tie plane 
of the circle by screwing in its tnbe, the image will decrease, and, if it 
were before on the plane of the wires, it will now pass to some position 
between that plane and the object-glass h. Move the whole body of tie 
microscope by means of the milled nuts i/ff towards the circle ; the image 
will be restored to its proper position, with less dimensions than it had 
before. By one or two repetitions of this process the adjustments are 
made. 

5, — The wire pointer at its zero position on the comb-scale is the 
index of the circle or instrument scale. When the pointer, in this po- 
siljon, is immediately opposite a division mark of the circle scale, say the 
third frfter that mai'kcd 27°, which is indicated by the angles of ttia ciosa 
being bisected by the image of that division mark, the reading is 
27° 15' 00" ; but if the intei-section of the cross -wires falls between tlie 
tliii'd and fourth diviaonsafterthat marked 21°, then will the reading be 
greater than that above by the value of the distance from the cross wires 
to the division mark to which the cro^ will move by turning the screw- 
head in the order of its increasing numbers. To find this value, turn the 
BCiew-head in the direction just indicated till the angles of the cross are 
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bisected by tba division mai'k in question, and count tbe entire number 
of comb teeth between tlie aperture and pointer, then nof« tbe reading 
on the aci'ew-bead ; suppose the former to bo 3 and the latter 41, the 
tiue leading will be 27° 18' 41". 

The Transit. 
I. — The transit is an instrument which is used in connection with 
a time-piece to ascertain tbe precise instant of s body's passing the me- 



^^\\\ r^ 
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ridi'an of a pi ice It (Xinsisfe ot a tel "uopo T T, usually of oon^iderablo 
powei', pemiiiieTitly fiied to a •iuV'itaiitirtl r\is A A, at nght anglci to its 
length. The axi'i termmatei at each end m a ateel pivot a <urately 
turned with a diamond point, to a oylmlncil shape The pnoi? aie of 
equal diametus recened into BOtches uit in two bio ka of metal filLd 
Ys, which lest m metillie boxe^ the littei heiiig mbedded in metallic oi 
Rtone pieis accoiding as the instrument is intended to be portable oi fivtd 

2. — Peimdnentlv attached fo the tail oi eje end of the telescope 
on opposite sides, are tw> smdl gr^uated circle»^ called finders The 
planes of these cucleaaio perpenduulai to the axis of the transit, and eitfi 
circle has an mdei. aim, which cainea a smiU ipint level and twoiwniej!, 
one at each end The index arms lie moiable about the centies of their 
respective cucles, and are, as well as the axis of the transit, pionded 
with a clamp ng and tangent ^ciew irnngcraent, thus aifoiding, w th the 
aid of the levt-l and vecniei's the means of giving the teleat.ope any de- 
sired inclination to the horizon. 

3. — At the aolai focus of the object glass of the telescope js a 
relide,^\g 11, m which the single i^ leplicui by a double wiie, ^Mth small 
interval, and fo placed as to be parailil to the axis of the tiansit. These 
are called axis tones Thise wiies of ihe reticle whith are at ii^ht 
angles to these are called the normal atiea To the fixeJ wiie"* ot the 
reticle a movable one is added , it is tlwajs parallel to the noimal wiiea, 
indeed, is itself a normal wire, ind is put in motion in the direction of 
the axis mies by means of a milometer sciew, with giaduatej he^d 
shown at m 

i. — The small tube contiining the eie piece of the telescipo is 
attached to a sliding fiame, connected with x sciew e, bj nhi h the eje 
piece is cuuedfiom one sile of the hell of new to the other in the 
direction if the axiil wnes 

6. — Tlie axis la hollow thrcugl nit, and the putts aie pMuiitLi 
at the ends to admit the light fiom a lamp L, suppLi-ted upon one of the 
piers. This Ight is recened by % leflectoi within the tube ot the tel- 
escope,'and inclined to its axis undei an angle of 45°, and ib reflected to 
the eye-glaia, thus illuminating the field of Mew, and eihlbitmg the wnes 
of the reticle The reflector is peiforatid bj an elhptical opening in its 
centre, to pomiit the direct light from any external object to piss hcely 
to the eye cud ot the telescope M hen the illuminatioa is thi jugh the 
other end of the axis, the reflectoi is leiolved thiough an angle of 00°, 
by means of i irilled headed wire, with nhich it is peiinanenlly cun 
nected. Tl c I fod s ^uwn it r 
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6 — The bo\i,8 whitli "iiippoit the \i 
a alight pi n in the Idttei , one in a honzoi 
aiertical duection, Fig 19, the mnt ms ' 
BcrowB By the lu'st of the=« motions 
the Ime ot colhmation is lionght 
to the mpndian, af tei the roiighei ap 
proximationa to that plane aie imde 
by other metna, and by tlia second 
the axis is made honzontil by the 
aid of a large ind delicate spmt 
level, Fig 20, mount^'d upon in 
verted 'i:'', f^i enoiij,h ipv.i to riat 
upon the pivot" 



"b 



ii ll 



Adjastments. 

7 — The fiansit IS Tdjusted within itself when its hne )1 eoliimation 
IS petpenji ulu to its axis and it is in po ifion, when its axis is peipen 
dicubi to the meiiii n Its finders aie adjusted if the an biblles At 
then levels indicito the sime leid u^ at both ends when the leim rs 
indiuite the tiue inclination o! the hne of colhnitQoa to the ^e tioal or 
ho uon 

8 — It is ly no meins necessirj or even desirable t> im at 
perfect adjustmpnt It will in ffpneral 1 e much safei t^ reduce (he 
eirirs of Tljustment to nanow limit then to di-te ■mine the \i imt 
and eliminate then eSlct f om obseiv ilion m tie micQei to be 1l« i bpd 



1 11 



9 — Jjire of CoUtmatton — Direct the telescope ti "WDino 

distant anl nell defined tetrestiial cbject Bnng it a^jaii-Dtl^ 1 

the boriz niil wii i anl mLSSuie its distance torn the ct itnl 

n e Ij me 1 cf thp t c omf i i oi ible a *■ dei 1p t 

] 
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tance by c'. Lift the tvimait from its Ys, turn tie axis end for end, and 
measure, aa before, tbe apparent distance of the same object from the 
middle wive, and denote this distance by c". Place the movable wii'e at 
Ihe distance, of 

c'+c" 



on lie rade of the olgeet from the middle wire, and move the whole 
reticle by the antagonistic adjubting screws, which he in the ilirectiun of 
the 8-yal wiie^, till the object appeal's on the iao\able wiic , the line of 
eullimitioB ivill be "iljusted 

10 — Mior of thts adjustment- — It » denote tht, iilue m lit, of 
the miciometer's unit, then will the in^la whicli the linu ot c llinntion 
makes with its proper position, befoie moMug the diaphngm, to 

».^=. w 

and the line of coUimatioa will describe, when the telescope is moved, 
a conical surface, whose inteisection with the celosti;d sphere will bo a 
small circle. 

Example. — When the telescope is pointing to the south, let the middle 
wire appear to be 326.8 revolntions to the right hand of the object ; 
when the asis isTeversed, let it appear 818.7 to the ri^ht, then will 

326.3-31S.V 
j» . =c=3.8n. 



and if one revolution of the micrometer coiTespond to the space an equa- 
torial st£ir would pass over in tiiroe seconds of time, then will 

100 ' 

aiid 

c=3.8X0".45 = l".'Jl. 

11,— - 27ts cTis. — This must fii'st be lovelled, then moved in azimuth 
till it is perpendicular to the meridian. 

MouM the level with its inverted Ys upon the pivots, bring the bubble 
to the same reading ot each end by the adjusting screw of the level ; 
reverse the level, and bring the bubble agiun to the Bf 
by the screw of the level and half by the vertical antagonist 
the'Y, which admits of vertical motion. Repeat the opemtioi 
twice, and the thing is done. 
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13. — T/ii error in His adjustment — Aftfr the firat appvoximatioa, 
denote by e', e", ifeo., the reading of the east end oi tbe lei el, by w', m", 
&c., the same of the west end, and let the paienthesis denote the end of 
tlie axis maclced by some peculiarity, such tis the cUmp, or illnmination ; 
then mounting th« level in ite place, lud \Mitmg its leadings in any one 
posdtion npon the same horizontal line, wc miy Inic 

First position of level . . . c' (ii) 

Level I'evei'sed i" ' (« ) 



These half sums are the readings whicii tlie !evel would have indicated in 
both positions had it been in perfect adjustment, and "" 



(»')+(»")-.' +."_ 



(5) 



the error, or inclination of tho asis to tlie horizon, expressed in tlie level's 
unit, provided its pivots be of the same size. But lest there may be a 
difference in the pivots, reverse the axis, and apply the level as before, 
and we may have 

For first position of level . . (e'") . . . w'" 
Level reveraed {""") • ■ ■ ^""" 



Half SI 
whence 



( '"')+('"") 



-('"')+(«"") 



~r- 16 -' ■ *'' 

will he the angle which the axis makes with the line whose inclination is 
given in equation (5), whence, denoting the inclinaiion of the axis to the 
horizon, or the angle which a plane perpendicular to the axis ma&es mlh 
a vertical plane at riglit angles to the projection of the axis, on the hori- 
zon, by I', we shall have 

l'=s±t. 

This value is cspressed in tenns of the level's unit ; if »' denote the 
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u seoonda, we shall liiiv 


e, rcpresentjug tlie i 


.ngl. i. 


l=n'l'^^'[s±t) 




■ (8) 



value of tliis unit i 
iseconds of arc by I, 

The value of t for the same asia is constant, and must be determined 
by taldiig a mean of a gi'eat many careful observatiouis. If it be positive, 
the pivot at the clamp end of flie axis is the larger, but if negative, it is 
tlie smaller. 

When the half sum of the readings on the west end is greater than 
that on the east, the inclination is counted ^posj'hVe, and the plane peipen- 
dicular to the axis will fall to the east of the zenith ; and as it is obvious 
that the axis will be depressed on the side of the greater pivot, when the 
level indicates perfect adjustment, the upper sign, in equation (8), must 
be taken when that pivot is to the east, and lower when to the west. 

Example. — Performing the operations indicated, let the following bo 
the record, viz. : 

First position of level . . . 71.40 (87.60) 

Level reversed 78.60 (80.10) 

150,00 167.70 

167.70 

4)17.70(4.42S=s 
Axis reversed. 

First position of level . . . (73.95) 84.90 

Level revereed (81.30) 77.85 

155.25 162.75 

162,75 

4)7.o0(l.87fl^s' 
Adding the indications of the level diagonally, we have 



(322,g5)-312. 



„ =0.»3B = .. 



Appljicg the level to the face of some veitical graduated circle, § 9o, 
let 23.5 of its units correspond to 30" then will 



Clamp end west Z=(4.425-0.fi3r)Xl"-276=4".8334e 
Clamp end cast i=(1.875+0.G37)Xl .27€:^3",205312 
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13. — Azimuth adjustment. — It is now supi>osed that the errors of 
soUimatlon and of levei are destroyed. By a reference to a map of the 
stars it will be seen that a straight line drawn from tte Pole star to a 
point midway between the fifth and sixth stars, called s and ^ respectively, 
in the constellation of the Great Bear, will pass sensibly over the pole. 
About the time when ttis line assumes a vertical position, direct the tel- 
escope to the Pole star, and keep its image on the middle nonnal wire 
by a motion of the horizontal adjusting screws of the Y, or by the mo- 
tion of the Ys themselves, if the requisite range be beyond that of the 
screws, and at the instant when it is inferred from a suspended plum- 
met, that the line referred to is exactly vertical, arrest the motion and 
secure the Ya. The adjustment will be sufficient for the firet appros- 
imation, 

Next find the amount of azimuth error. The axis being horizontal, and 
the line of collimation perpendicular to the axis, it is plain that in the 
motion of the telescope the line of collimation will describe the plane 
of a veilical circle, and that the angle made by this plane with the me- 
ridian is the error in question. 

LetiTO^be the horizon, -ffiZZf p^j.^, 

the meridian, P the pole, Z the ze- 
nith, and 8 the star when on the 
line of collimatioB. Make, 

X=latitudeof place=90°— ZP; 

S =decfinationofsfar=90''— P^, 
positive when north, nega- 
tive when south ; 

P=ZPS=\iQ\a angle of star ; 

Z =fi'2S=azimuth of star's position, and equal to the error sought 
when cast. 

e =J?5'=zenith distance of star. 

Then, in the tiiangle Z P S, 




i because the sines of P and Z are very small, 



in which P and Z are expressed in seconds of ai 
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Divide boOi iriembers by 15 and make 

and equation (9) becomes 

L^hl (10) 

lo 15 • ' 

P 

in wHcb — is the time required for the star to pass fioin liie vertical de- 
scribed by the lino of collimation to tke meridian, and if i deuote tbe time 
indicated by a timepiece at the instant the star is on the centi-al normal 
wire, the time of meridian passage will be 

't' f =»" (") 

Let e be the i-nnr of the timep eue at the lime ( referred to the vernal 
equinox ; m tie rate or qu'intity by which this error is increased or di- 
minished in one day or twenty tour hoiire ; then, if M denote the right 
ascension of th stii sufpispl Ln^ivn will 

l^e^k.~ = B (12) 

and for a second star 

t'+e-}r{t'—t)m+k' . — z=B', 

in which t' — (is reduced to the decimal part of a day. Subtracting the 
first from the second, we get 

t'~f:h{t'-~t)m^{}c'-lc).~ = R'-B, 

in whicli tlie upper sign is used when the timepiece runs too slow, and 
the lower when too fast ; whence, 

Z g=ir-(7=i)±(l'-l)m 

15= F=i <''' 

Z is hence known, and for which tlie instrument may be coiTected, 
if desired. This value in equation (11), ^ves tlie time of meridian pass- 
age, and in equation (12), whicli may bo written . 

e.-R-t-k.^ = R-~T, ....:. (13') 
gives the error of the timepiece. 
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Tlie sign of the qxmnlitj k changes when (be declination of the star 
exceeds the latitude, and alao wlien the staf passes below the pole, sine« 
in this latter case d becomes 90°, phis the polar distjince. The light 
ascension for all stara which pass below tiie pole must be dimiuished by 
twelve hours. 

Using the Polar star in its nppev aud lower passage instead of two 
separate stars, equation (13) becomes 



15 



- 1 2"-(i'-0±(t'-0m 
k'+k 



(14) 



When three consecutive transits of the Pole star ai'e observed, and the 
intervals are equal, Z will be whi, and the tran'^it'" nxis is parpeadiculai 
to the meridian. 

The values of ft and k',m equation (13), mii>t be found fum stara 
differing at least 60° in decimation 

14, — Let it now b« supposed thit after adjustmg the ti msit m the 
manner explained, tliere is still (as m general there wdl be) reraiming a 
small error in eollimation, level, and azimuth It lemains to ho ahown 
how the effects of these may be ehminated hx>m the ob'tervation, and a 
result obtained the same as though the instrument hid b'i'ii perfpf t 

Let all the circles refeiTe<l to m whit 
precedes be projected on the hoiizon 
represented in MER Q. Let Z be the 
zenith ; P the pole ; MZR<k^ mend 
ian; VZV a vertical cncle at nght 
angles to the projection ot the axis ot 
the transit; Vs'V the cncle it nght 
angles to the axis-, Cs C the parilW 
small circle cut from the celestnl "iphLie 
by the motion of the line of colhm i 
tion; EQ the equator, and eti/ tie 
diurnal path of a star. 

When the star appears on the central n 
if the time be noted and increased by the angle 
time, we shall have the indication of the timekeeper when the si 
the meridian. Noav, 

s P 0=:sPs'+.'i'Ps"+s"P ; 

the angle sPs' is "measured by an arc of the equator, whieh is equal to 




3, it will be at s ; an 
P 0, expressed i 
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»»' divided by the cosine of the distance of s s' frora the equator, which 
distance is tlie declination of the star. But 

c being as before the error of coUimation ; heace, 

The angle s'Vs' is tlip ar i cf tie Wei lenoted bj I Ihen re- 
gai'ding Ps"V as the iic of d 4,reit c icle fiom whicli it will differ by 
an inappreciable quantity with n the limits ot the supposed eirors, we 
shaD have, in tbe triangle Ps V v, itum the mdl 11 lea for tlieir ames, 









b; the zenith distancn bj (X— 5), to which it is nearly equal, and 
regarding Vi' as the altitude horn which it differs but by a very small 
quantity. 

The angle s"PO is given by ejiuition (9), Z denoting aa before the 
azimuth error. Whence, denoting by t the time of observation, we obtain 
for the time of meri Iian pisaago 

in which c, I, and Z may be found in the manner already indicated, or 
stJll better as follows. 



15 . COS 5 


oo.(>.- 


-S) 


15. CO 




■in (X^ 


"«) 



and suppomng the timepiece regulated by the vernal equinox, and rep- 
resenting its error at the time t by e, and denoting by R, the right ascen- 
sion of tlie star, we obtain 

t+e-^c.C+l.L+Z.Zi=R (17) 

in which, if e, c, I, and Z be regai'ded as unknown, their values may be 
found by carefully observing four stars, whoso positions are well knbivii, 
and which differ but little in right ascension, and considerably in declica- 
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tion Tho values of C, L, aiid Z, being computed in each case ft'om 

equaiioD (16), we may liave 

(' +e'+c.C" -^-l.L' +Z.Z/ =R' 
t" +e'+c.O" +I.L" +g.Z|" ^R" 
t"' +e'+c . C" +1 . L'" +z . Zl" =B"' 
l""+e'-<fc . C""-^l . L""-Vz . Zi""=S"" 

wticli are sufficieut But as th 1 jb 1 ght errors in the obsar- 

vatioiis themselves, it would b w 11 wfi gr t waoy is required, to 
increase the number of these qu ti ns nd tr at th m after the method 
of least squares. 

15. — The finding ci> I — Th my 1 fe zenith distances, 
altitudes, or polar distances. Ti 1 t ad| b the same for all. 

Direct tile telescope to th h t t h nzo 1 m e it till the image 
of some small object appe m d y bet een th double axial wires ; 
clamp tie axis, move the ind n till t ] 1 d tes the same read- 
ing at both ends of the b bbl 1 n t th idjng of the vernier. 
TJnclamp and reverse the ax , b ^ fli g f tl same object again 
between the same wires, and clamp the axis ; move the index-arm till ttie 
bubble has tie same reading at each end, and again note the reading of the 
vernier. If the vernier reading be the same as before, the circles are in 
adjustment ; if not, add the readings together, take the half sum, move tJie 
index-arm till the veniier is brought to the reading indicated by this half 
sum, clamp the iniles-arm, and biing the aii'-bubble so as to have the same 
reading at each end by the adjusting screws of the level. It would be well 
to verify by repeating the pi'ocess. It may be, that the findej's are gradu- 
ated ii'om 0° to 360°, in which case, if the fii-st reading were a", the 
second ought to be 360°— «". 

16. — The adjustments in azimuth, coilimalion, and level being per- 
fected, the middle norma! wire will be a visible representation of that 
portion of the celestial meridian to which the telescope is pointed ; and 
when a star is seen to cross this wire in the telescope, it is in the act of 
culminating. The precise instant of this event being noted by the clock 
or chronometer, the time of meridian passage is known, and any error 
in noting this precise time is lessened by the use of the lateral ivires of 
the reticle, as already explained. • 

17. — Beades, these lateral ivires increase the chances of securing an 
observation that might, without them, be lost. It frequently happens 
that efforts to obtain the time of a body's passing the middle or other wire 
ai'e defeated by the piesence of clouds, or other accidental circumstances, 
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Ill wliioh, if the time of passing any one be obtained, that of passing the 
middle or meau place of the wives, when not ei|ually distant, may bu 

leduced thus. 
Let t„ (j, (j, &C., be the times of crossing the sevoval wires in order, 

hen will 



-=(«,. 



n whiiili („ denotes the time of the body's 
the wiles, aud w the number of wires. And 



the 1 



(18) 



(19) 



(t„-t.). cos 6^ 

in which 5 denotes the declination of the body observed, and i„ Jj. i,... i„ 
the constant intervals of time required for a body in the equator to pass 
over the distances which sepai'ate the several wiies from their mean 

Adding' equations (19) together, we obtain 

'^=^*^ PO) 

in which S denotes the algebraic sum of the quantities expressed by the 
letter written after it. 

By carefully observing a star whose declination is known, we obtiun 
the values of i„ is, &c. ; and these being tabulated with their propei' signs, 
equation (20) will give the time of a body's pasang the mean position 
fi'om the time of passing one or more of the threads. 

The Oollitnating Telescope. 
1. — In some situations it would not be possible to obtain a distant 
mark by which to colMmate, and a near one could not be used in conse- 
quence of its im^ f^Uins; too far behind the reticle In such cases 
recoui-fce must be had to what is called the coll mat ng tel scope 




This is a telescope whose eve piece la removed and pon ts t 
mounted in ill s n^ f m Pf t i lie f tj n e u 
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siiffiiMent light may be thrown throu£;h the telescope to illuminati" a pair 
of U0&3 wiiea situSte 1 at Ihe =ohr hem of the object giasR 

In this pa-ition of the wies we have irom the piintiplea of optics 
these ii(,ta viz the i^ys on posiDg the leucil of ligl t pioceeilmg from 
any poiut of the cioss wiU emur^e Irom the colhmator ja ^llel to a line 
driwn thiough that pDint ani the optical centre of tiie lens and if the 
telescoj e of the trana t he duectad towaids the coll mator ao a^ o recene 
these riys an. imi^e of the pumt in question will appeii in its solar toons 
ani on a 1 UB iiain thioigh the optical ccntie "t its cljBct i^lai^s pi 
alkl to tJ e ^amu ajs 

T/ I 7ical Colln^i} 
1 — Th b inatiument is used foi (he double purpose of colhmating 
and f 1 find n^ the zenith oi hoiizontil point of oircles \i ed in tl e meas 

ii t Dt leitlCll IDgllb 



Fig "i 



mountel in •> \eitieal position lip n 

an annuHt jlate £ of castiion fi at 

ing upon the fiee suiface of meicui> 

conta at 1 in an annular trough S tl 

ot cast lion Tin, annular j lite la call d 

the float fhp telesco^w JS mount(,d 

upoi tlie float in a mannci imihi to 

tlie tnnsit except th it the axis is iici 

Li to tie object end One of the \s 

may he elevated oi depieased ly n ad 

justn^sciey A while ihe telescnpe is 

tu ned lb ut its ax s by anothei A tin s 

affoiding the means of giving the I ne 

joimng tl e ciosa wnes ani the optical eenti a of th lens a e t cil pns tion 

Xi IS the lamp and (? the lefleotoi to cati,h its liffht and thiow it upon 

the cross e at the 1 wer end of the tube 

2 — The oil mat ng -p ocess — TaLe the tnnsit to n t n e Loyel 
ttie axis cnref Uy tu a the telescope in a vertical po t oa place the 
coll mator below and b n^ the » age of the ntersection of ts c tea es, 
seen uj-on the i right gr und ff ace rately on the nte-aecton of tie 
m ddlo es tl e t a s t by means of the adjust ng sere t9 of the 
coll mato nest tu n tl e float n azirautii th o ^h 180 It the e ner 
gent rays 1 om tl e coll n ator he ert cal the miage of the nt rse t on 
of til ol! nato 11 rema a t oai ^ but t 1 the mat,6 v li 

mo e n tl f f r 1 b c a th pi n of !lo t n 
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remfdning tlio Bame, flie emergent rays ftom the collirnator will preserve 
tlieir inclination to the horizon rmclianged, thus causing the line through 
the optical centre of the transit's lens, and parallel to these rays, to de- 
scribe a conical suriace. The axis of this cone, which is a vertical line, 
is the position for the line of collimalion. Supposing, then, the image 
to haye changed its positJon during the semi-rotation of the float, renew 
Oie contact of the image and wires; one half by the adjusting screws of 
the collimator, and the other half by a motion of the ti'ansit and the 
adjusting screws of the diaphragm of its wires. This process being re- 
peated once or twice, the adjustment is made. 

3. — The tenith or horkonial points. — Direct the telescope of any 
circle to the collimator, and biing the image of the intersectioa of the 
cross wires ia the collimator to the line of coUimataon ; read the circle, 
and revolva the float through an azimuth of 180° ; renew the contact of 
the image line of collimation by moving the circle, if necessary, and read 
again ; denote the first reading by a, the second by a', and that of the 
zenith point by z, and we hare 

and denoting tlie reading of the horizontal point by A, 



The Oollimating Uye-pkce. 
4. — If now the swing-frame and its reflector be transferred from the 
collimating telescope to the eye-piece ofthe telescope of the instiument sup- 
po-*d to be lerticd over a ba^n of mercary this latter t le-seope becomes 
iti own verticd collimator b\ leflection on ipplymg the lamp to tlie swing 
reflectoi By perfoiating the swmg jeflector ind applymg (he eye behmd 
it tno sets of wires will be seen m the ■ichr focus of the tek copt and 
the collira'iting piouess consists m making the wires of fi 2 

one of tliese sets coincident with tbo=e of the other by 
the joint motun of the tele cope and it"* reticle The 
little swing refl.et,tor with i single micioacope ib an eye- 
piece ju t behind its perforation to migmty the wires, 
ani their lm^ge'^ constitutes the colhmahng eyepiece 
This beautiful little instrument, which h ^s done so much 
to facilitate the process of coOimating inl the meisuie- 
ment of zenith or nidii li tine is dui, to Pmtei i 
Rohneiibei^ci ot Tnbmg n 
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The Mtnal Cii h 

1. — B\ UK ins of the trmait aud » tune k^per, distances ne mti" 
ared on the equmoct al in time , and by an ea=y reduction tliia lime is 
converted iiifo iri. The object of the Mural Ctrcla la to mea uiu dis- 
tances on thp meridian 

This instrument consists of a metilho ciiclt, A A, varying in diaint ti,r 
from foui' to eight feet, eticnfjlj ii impJ tiguthei or w-t in. on' «tit|p 
piece, and i telescrpe ot considenble optical poner lipving a f^cal Itiii^h 
about equal to the dnme! r of the <iii,le The < n de is ti ii.l) ittaLhed 




to the liu'ger end of a hollow conical-shaped axis at right angles to its 
plane, which axis ia mounted on Ys, placed in an opening through a 
heavy wall, whose front face is in the plane of the meridian. The giai.lu- 
ation is usually, though not always, upon the outer rim, and tte reauinga 
are made by a pointer and six or more reading microscopes F, mounted 
upon the face of the wall, at equal distances from each other, araund the 
circle. The teIe?cope is mounted iipnii the front fiice of the oircle, so as 



-d by Google 



270 SPHEKICAL ASTROKOMT. 

to move paiallel to the plane of the latter by ineana of a second axis, 
which turns freely and concentrically within that of the circle The axis 
of the telescope is also conical, and is kept in plpce and piopei uintact 
■with that of the circle, by means of a stong nut, which recon-""! a sciew 
cut upon its smaller end, the head of the nnt bringing up against the end 
of the arde's axis. By turning this screw in thf direction of its thipad, 
the two axes are brought as closely in contact as m*ij be found dp'^iiable 

Permanently connected with each end of the telescope is a clampiDp; 
an-angement, for the purpose of seizing tlie lim ot the fucle, and when 
these are in bearing, the telescope can only move with the ciicle, and 
when loose, it may move independently, thus affording the meins of meas 
uring the same angular distance on different parts of Uie ciicie 

Five clamping and tangent screw arrangements are permanently at- 
tached to the fece of the wall, for the pui'pose of restricting the motion 
of the circle to the minute atijuatments necessary ta complete the contact 
(if the objects observed with the reticle of the telescope, and to secure the 
i'lstrament till the readings are made and recorded. They are made thus 
numerous, that one may always be at hand, in the various positions of the 
observer about the c tele one of them is si o ^ n at -S 

The proportions ot thi, whole in tiimeiit lie so nijusfed as to throv 
its centre of gravitj on the axis just bthind the cicle and between it 
and tJie wall, where the axis is leceivnl by a stimip w th fnction lolleis 
CO, the stirrup being eonneeted by lod HDviih leyeis and counta 
poising weights, which take the beinng from tlie Is 

The front Y, or thit neaiest the ciicle is mcvabie m azimuth abmt i 
vertical pintle, and tbat at the smallei end admits of loth a vtlicil ind 
horizontal motion, by means of two sets of antai>onist sciews. 

The tube f f the teltscope is p ifoiated jn the side opposite thit of the 
axis to admit the light hom a lamp it a short distance m fiont of the 
circle; this hglit is ipceivednpon i ptrfoiafed reSector within iftei the 
manner of the tiansit, tnd thio\in to the eye to illuminate the field of 
view in nocturnal observations The intensity of the illumination is reg 
ulated by squire peiforitions m t^o sliding plates, placed o\m the aper- 
ture in the tube and so connected with racL and pinion woik as to move 
in opposite direchons, on turning a large milled headed seiew neai the 
eye-glaM ; one of the diagonals of each square bainip phcefl m the diiei^ 
lion of the motnn ot the plates, the figure of the opening will Iw un 
changed, while its size miy be varied at pleasuie 

At P and /* are two sraxll tu' fi peimanentlj fixed t tl it it the 
\t ii^htiigle to Its 1 u fh ThiY '■r fit a ^i\ in one 
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mJo at the middle, and each is closed at one end by a small disk of 
mothei nt pearl, movable about an axis perpandicular to ifs plane, and 
cnncenti c with the tube. Between the disk and middle of the tube is a 
convei lens, which admits of a motion in the direction of the tube, and 
by wh ch an image of a small eccentric perforation in the disk is formed 
about the middle of the cut, and of course on one side of the axis. A 
motion of the pearl causes this image to describe the circumference of a 
eiicle of which the cantre is on the axis of the tube. In the oppceite 
end ot the tube is a small microscope to view this image. The image is 
techmcilly called the ffhost, being a visible but unsubstantial representa- 
tion ot the perforation. 

A small metallic style projects from the face of the wall at S, from the 
end of which may be suspended a plumb-line of fine silver wire, with its 
606 immersed in a vessel of water or other liquid at the bottom of the 
wall. The style is bo arranged by an adjusting screw as to bring the 
plumb-line to intellect the ases of the small tubes in the cuts, or to throw 
it clear of the instrument, at pleasure. 

In the tail end of the Jelescope, and at the solar focus of the object- 
glass, is a reticle, of which the axial wires are parallel to the axis of the 
circle. An additional wire is driven by a micrometer screw in the dii'ec- 
IJon, perpendicular to the axial wives, while it is also kept constantly par- 
allel to them. 

The telescope has a oolhmating eye piece wliKb 1 v^t 1 1 1 thi, me 
purpose and in the staie minnei 1^ in the tian'iit 

AdjuilmtitU 

2. — The adjustments are firet to mike th- hne cl coUimat on ^er 
pendicular to die aMs and, seconl to mike tlie ixia perpendiculai to the 
meridian. The plane )i the circle and tube of the telescope aie placed 
at right angles to the axis by the manutactuier the face of the wall is 
built as neai'ly in the meiidion as possible by the aid of meiidian mail s , 
and the Ts are so pUoed is to biing the axis, when mounted, neiily per 
pendicular to the fjt,e, &o th'it the adjuitmenta are appioximately made 
when the instrument is put up To complete them, begin with 

3. — The Urn of colhntatwn — Turn the oirde till the telesLope is 
vertical, suspend the plumb line ind bnng it by its adjusting soron to co- 
inciie with the uppei ghost a^ seen thiough the miuo=cope examine 
the position of the lowei ghsst if it be nrt on the lino, turn the peirl 
about its axis till it IS ilcar the line fi ">m the in trumcnt ■mdin\citthj 
telescope byievolvni; th." J tl u i:;h IfaU , bnng the line to tlie 



-dbyGoogle 



273 SPHERICAL ASTRONOMY. 

upper ghost as before, and again examine the lower ghost ; if it be on 
the line, the axis of the eirele is horizonlal, but if not, bring it to the 
line, one-half by the vertical adjusting screws of the circle's axis and half 
hy a revolution of the pearl. When by repeating this process once or 
twice the asia is made horizontal, put on the eoUimating eye-piece, and 
directing the telescope to the trough of mercury at the foot of the pier, 
snd immediately below, move the diaphragm of the cross wires till tlie 
wire, whiuh is pei^ndicular to tlie axis, coincides with ite image — the lino 
of collimation will be in a vertical plsue, and of coui'se perpendicular to 
the axis, which ia homontal. 

Should the telescope have no eoUimating eye-piece, i-ecoiir=e miy be 1 id 
to the vertical collimator, which is to be used exactly as in the t ans t 

Since reflection takes place in a plane normal to the reflecting euifice 
the axis may be made horizontal by observing the same star di tly 
and by reflection from the free surface of mercury. If the time of the 
star's appearing on the hue of collimation in both views be the same ''he 
two positions of the line of colhmation will lie in the sime vertical [Itn , 
and being equally inclined to the horizon, the axis with whicli thej m ilea 
a constant angle must he horizontal. 

4. — Ja-i* perpendicular to the irteridian. — This adjustment m i 1 o 
made by the method pointed out for the same adjustment in thp ti i^ t 
and when not perfected, the amount of eiTor may be found by the process 
explained for that instrument. 

Polar and horizontal points. — On the circumference of the 
circle is a scale of equal parts, each part having an angular value of five 
ininutea. Every twelfth division is numbered, the numbers varying fiom 
1 to 360° inclusive ; these indicate tlie degrees of the scale; and to facil- 
itate the reading, the intermediate divisions are also numbered, but in 
smaller characters. 

If the I'eading be known when tlie line of collimation is either hori- 
zontal or directed to the pole of the heavens, and the reading he taken 
when directed upon the centre of any body as it passes the meridiau, the 
difierence of the readings will in flie first case be the obseiTed meridian 
altitude of the hody, and in the second its observed polar distance. 

o. — The horizontal point. — This is found by means of the eoUima- 
ting eye-piece, or vertical collinaator, by the process indicated at page 2(18, 
or as follows, viz. : having carefiilly ascertained the value of a revolution 
of the micrometer in the eye-piece of the telescope, and the reading of its 
divided head when the movable wire is coiucident with that paiallel to 
he axis, set the telescope nearly in the position at which a star would 
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appear by refiection OE the stationary wire ; clamp the circle and record 
the ceadiog of the index and microscopes ; when tlie star is at a conve- 
nient distaace fiom the meridian wire, bisect it by the movable wire with- 
out moving the circle, and note the time accurately. Uuelamp the ciicle, 
and biing the star by direct view accurately on the stationaiy wii'e, hj 
turning the whole circle abont its axis ; again not« the Ijme, and record 
tiie reading by the index and microsoopea. Denote by S the fii'st lead- 
ing, by I>Jh(! second, and by m the angidar value of the distance betweeo 
tlie fixed and movable wive, as indicated by the micrometei- ; then, if the 
star had been observed accurately on die meridian, would the reading of 
the hoiizontal point be 

S±ni + .D 



since the star must appear as far below the horizon by I'cflQ(^tion as it 
actually is above it. But as the star cannot be taken at the same instant 
in both positions of the instrument, the readings S and i), taken as above 
indicated, must be reduced to what they would have been if taken on the 
meridian. 

6. — This correction will now be explained. 
Let S' S S" be the small diuraal circle rig, 2T. 

of the star; PMS' an arc of the njeridinn ; 
S the position of the star when obsHr(ed 
on the intersection of the axnl md one of 
thp side normil wires; M&G ihe jk (f 
a gieat ciicle, oi which the axial wire is a 
poition The point M will be that to 
which the line of colhmation is actually 
diiected, md S is that in which the star 
will reach the mendian, the 'ocAfb is, 
theietoie, the tedwtjoti to the meridian. 

M ikp P = MP & = hour angle of star ; 

d =: J' S = poUr distance of stai' ; 

!/ =; I'M = polar distance of line of coUimation ; 

x = MS' = reduction to meridian. 
Then in the triangle MP S, light-angled at M, 

cos P == tan y . cot 1? = '- . . ■ - j ; 

and subtracting this from 
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we have, afiei reducing, and replaj^ing 1 —cos P by 2 shi^ ^P, 

The observation being made very near the meridian, P and d—r/ will bi 
vary Email, and hence 

aaui'lP ^ 2.(iP,slD 1'7 = JP^sin'!"; 

sin(rf-y) =sin;>^ = 3r.sinl"; 

siii li , cos y = ^ sin 2 rf, veiy nearly. 

■which jn the above equation give, after redaction, 

ie=^8in2rf.P'.sin 1", 

in which P is espreased in seeonda of ai'c. To express it in time, make 
P~15 Pi, and ive shal! finally have 



P, denoting the number of ae n] ft n the hour angle of (he star. 

If, now, the numbers on th ] b pp sed to increase in the direc- 
tion from the pole to the zen th d th b rved reading be denoted by 
fl, then, since the line of coll m ti the pole than the place of 
uulmination of the star, will th t 1 be 

B-x = B-^s[n2d.P,'sml" . . . . (21) 

for ftU stars whose declinations are of the same name as the latitude of 
lie place, and above the pole, and 

iJ + a; = fl-i-^aiu2dt.P,= siiil" (22) 

for all stars below the pole, or whose declinalioBs are not of the same 
name as the latitude, 

7. — The interval P is obtained from tia indications of a time- 
keeper. This usually runs too fast or too slow. To get the true from the 
indicated interval, suppose the time-keeper to gain or lose a seconds du- 
ring one revolution of the earth upon its axis. Denote by A the number 
of sidereal seconds in the time of this revolution, and by ( the true interval 
sougiit; then will 
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!i which -P is tlie indicated interval. 



Developing tlie coefficient of P, and limiting the seiiea to the fii-st 
power of —7, becfluse a is iisuallv a small number of seconds, we liave 



^(..5). 



or replacing A bj" its value 86.400, 

( = (1=F ■ 000012a)P ^ a.P, 
a = 1 :5:. 000012 a. 
Substituting aP for P, in equations (21) and (22), and making 

i = o} = 1 :p . 000023 a, 
there will result for the true reading 

^rp^.i.P^sm2 rf sinl" (2^) 

.8. — Denote by D and S tbe readings of the circle by the direct 
and reflected views; by x and x' the eon-esponding reductions to the me- 
ridian ; by m. the small difference observed botweEn the angle of incidence 
and refleclJon, and by JI the j'cading of the horizontal point ; then will 



9. — Vahte, in arc, of units on, iJie screiu-head connected with the 
■ raovable wire.— "Ran the movable wire io one edge of the field of view, 
say the upper, and bring it by a mution of the circle upon some well- 
defined and distant object ; read the circle and raicrometei ; luii the wire 
to the oppodte or lower edge of the field, and by a motion of the circle 
bring the wire to same object again ; read the ciicle and micrometer s& 
before, and divide tlie difference of the circle leadings, reduced to secondB, 
by the difference of the micrometer readings, expi'esBed in units of llie 
Bcrew-head ; the quotient will be the value sought. Or, 

Invert the telescope over a basin of mercmy, by moving the circle, and 
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bring the image of the movable wire, supposed at one edge of the field, 
to cuincide nith the wh* itself; read the circle and mici'ometer : move 
(he win, to the opposite edge, and turn the circle till the wiie and itfl 
ima^ agim coincide, and read as before ; divide the difference of the 
eiicle readings reduced to seconds, by the difference of the micrometer 
5 exprcsaed in units of its sci'ow-head ; the quofif'nt will be tht- 






^\,i 



Altitude and Azimuth Instruinent. 
1. — This instiument, as its name iadicates, is employed iu the 
mensiiiement ot vertical and horizontal angles. It has two graduated 
circles and a telescope. The planes of tlie circles are at right angle*, to 
each other ; one called the azimuth ciiijle, being connected with a tripod, 
by which it is levelled and kept in a horizontal position ; while the other, 
called the altitude drcle, is mounted upon a horizontal axis, with which 



the telescope is also united, after the 

To the centre of the tnpod 
A A is fixed a wsrtical axis, of 
a length equal to alwut the 
radius of tliB circle ; it is con- 
cealed from view by an extenor 
cone £. On the lower part of 
the axis, and in close contact 
with the tiijKid, is cenlied the 
flHmuth ciicle C, which admits 
of a horizontal circular motion 
of about three degrees, for the 
puipose of bringing its zero ex- 
actly in the meiidian; this is 
effected by a slow ino^iiig- 
Bcrcw, the milled head of which 
is shown at J). This motion 
diould, however, be omitted iu 
iDstrumenta destined for exact 
woilt, as the bringing the zero 
into the meridian is not requi- 
site, either in natiianomy or sur- 
veying : itiB,in facl,puix;hn-.itig 
a convenienr-e too di'iiily, l>y 
Uitioduuiiif 11 aouuo of .-mil 



ir of tbe traniiit. 
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not always trivial. Above the azimuth circle, and concentric with it, is 
placed a strong civculai' pUite U, which cariies tlie whole of the upper 
worts, and also a pointer, to show the degree and iieareat five minutes to 
be read off on the azimatli circle ; the remaining minutes and seconds 
being obtained by means of die two reading microscopes F. Tbis plate, 
bj means of the cone S, resis on the axia, and moves eoncentricslly with 
it. The corneal pillars S 'luppoit tie honaontal oi triMit axis / which, 
being longei than tie distincc between the centres of the pillars, tho pro 
jecting pieces c fi\gd to their top caiiy out the Ya a, to thi, j lopei di'^ 
tance, foi the reception of the pivots of the axis the Ts iie cap,(ble of 
being raised or lovieicd in their <iockets by means of the milled headed 
screws b, foi a pai'pose heie-ittet to be explained The axii vith its load 
is prevented fiom pressing too heavdy on its bearing- bv two faction 
rollers, on which it lesto , one of these lollers la shown at c A spiial 
spring, fixed la the body of eacii p liar, pieiscf the rolleis upwaid with a 
force neaily a coiinteipoise to the SAipeiint,nmbent weight th) rollers on 
receiving the axis yield to the pressure ind allow tliL p vots to find then 
proper beanngs m the l;s, leheiing tliem, however, fiom a gieat portion 
of the weight. 

The telescope Zf is connected with the hoiizontal axis, as before re- 
marked, itt a manner similar to that of the transit instmment. Upon the 
axis, as a centre, and in contact widi the telescope on either aide, is fixed 
the double circle J. The circles are united by small brass bars ; by this cir- 
cle the vertical angles are measured, ind the graduations are cut on a nairow 
nugof silvpr, mlaid on one of the sides, which is usually termed the /act of 
the instrument a distinction essential in milling obseivations The clamp 
for h\ing, and the tangent aciow for gmng a alow motion to ihe veitM,il 
circle, ire placed beneatli it, between the pillam H, and ittached ti 
them, US shown at i A annihr contiivance for tlie azimuth ciicle 
3S repiesenttd at M The reading micioscopes for the ititical iircle 
are supported by two aims bent upwiri near then estiemities, ind 
attached to one of the pillars Tlie piojectiug arms are shonn at Jf 
mdthe micro^copts dboieat 0, the htter -idmittiBg of a sbaht niolnn 
bv means of int agonistic adjusting sciewa indcpendenllj if tli-- "Up- 
pu tmg arms 

A reticle oon'.i-tin^ of fi^e equidistant axial and is many e^uiilist^iit 
normal wires is m the pnncipal fo(,ua of the object glass The illiimin i 
tion of the wires it niftht is by t lamp, supported near the top of anc of 
the pilhrs it i^, oppisite the rtiJ of one of the pivots of the lus «hi '>, 
bemi, jerfoiiied, admits th light to th teiilre 'f tit t/\ (.rpc tu t 
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where Wlina; od a Jii^ n^l i fltotor it ' I'-fli, telt th i-^ luJ 'Ih 
mines lie field of vi w 

The veil cal circle is usually dividefl into fur qua imts, tauL mm 
bered 1° 2° 3° &<.., up to 90° an! fulloTiiDg one atiothei jd the same 
order of auoeession goe'ia [iiently in oie portion of tlie instiument nit 
tudes lie raid off ind nitli the tacL of the instnimect leveiiied zeuitli 
distances and an obaei-vation is not to he consideud complete till th 
object has been obsened lu both positions The sum of the two renilings 
will alwiya be 90° if theie be no eirii lu the adjustments in the ciicle 
ilselt or :n the obsel■v^tlon'5 

It IS BccLssiiy ti it the mieiostopes and the centic of the oucle 
should ooinipy the line of its honyjntal diametei to eflect nhich ■in up- 
anidown motion by means of the aciews 6 is given to the Ts A 
Bpint level i' is sus^wndel fiom the aims which c my the mioioscopes 
tins shows wheu tlio vertical axis is set peipenlicular to the hoiizon \. 
scale usually showing seconds is placed along the glass tube ot the lo^el 
whi^'h exhibits the amount, jfanj of the inolmation of the veitical axis 
This should be noticed repeatedly whilst making a senea of obaeivations, 
to isccitain f any change lias taken place in the position of the lustm 
ment after its adjubtments ha^e been coir jletcd One of the points of 
suspension of the le*el is movable up oi down by means of the sciew / 
foi the purpose of adjuatmg the bubble A stiidmgle^el similai to the 
one employed foi the tiansit instniment and used foi a like pmpoae leatr 
upon the pivots of the 8\s It must be caiefully paased between thi 
radial bare of the veitical ci cle to set it up lu its place and must la le 
mosed as soon as the tpeiation of levelling tJis horizontal axis is per 
toimed The whole instrument stands upon th ee footsciews placed at 
the extiemities of the three biinchea which f rm the tupod and liass 
cups are phced undei the spheiieal ends ot the toot screws A stone 
pedestal, set pei'fectly ste * Ij is the bpst siipoit fo th s is li Hi tip 
poitihle tiansit instniment 

Adjustments. > 

2. — These have for their object to make, 1st, the azimuthal axis per- 
pendicular to the horizon ; 3d, to make the axis of the vertical circle 
horizontal ; 3d, to place tl e ert tal c cle at such a height that ils mi- 
croscopes shall point to the opjoste extiermt s of a horizontal diameter; 
4th, to make the line of oil mat on pe ■pe 1 cular to tiie axis of the alli- 
tude circle, and lioiizn al ^vl n h nl g o ho vertical circle is zero. 

3. — Tke vertical lu: s — T 1 n t ent about, until the spivii- 
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level P is lengthwise in the direction of two of the foot-aorews, when hj 
their motion the spirit-buhble must be brauglit to occupy the middle of 
the glass tube, which will be shown by the diviaiona oa the scale attached 
to .the level. Having done this, tuia the inatniment half round in aai- 
mutli, and if the axia is truly veitioal, the bubble will again settle in the 
middle of the tube ; but if not, the amount of deviation will abow double 
the quantity by which the aiia deviates ftom the vertical in the direction 
of the level ; this eri'or must be corieoted, one-bait by means of the two 
foot-acrews, and the other half by raising oi loweimg the spirit-level itself, 
which, is done by the screw lepresented at/ The above process of rever- 
sion and levelling should be repeated, to ascertain if the adjustment has 
been coirectly performed. 

Next tui'n the insti-ument round in ^zlmuth a quirtei of a circle, so that 
the level P shall be at right angles to ita ioimei position; it will then be 
over the third foot-screw, ivhich maj oe turned until the aii'-bubble is 
again central, if not already so, and this adjustment will be coinpleted ; if 
delicately performed, the aii bubble will steadily lemain in the middle of 
the level during an entice revolution of the instmment in azimuth. These 
adjustments should bo fiist peiformed approximately, for if the third foot- 
ecrew is much out of the level, it will be impossible to get the other two 
right The vertical ixis is now adjusted 

4. — The axis of b'-e tertical (tide — This ilju'itmcnt i [eit rraoi 
exactly as in the transit, by means ot the striding iei el 

5, — Height of tite veiiu:alciic!e—£\ii^ la^t adjustment being m^de, 
bring the mici'oscopes to their zeios and turn the veiticai cucle aliglitly, 
the stiiding-level being sfil! mounted, 1 11 some one ot its division., be 
brought to the cross wires of one ot the micioscopes. Eiamiut, the other 
microscope, and if its cross he not on or new the divi5i>n ot the ciicle, 
180° distant from the fiist, deprea" oi elevite the cucle by the millea 
screws 6 tin it is, keeping the axis hoiizoutal by moins of the Icvtl this 
will give a sufdeient approximation to bring the euoi of idjustmtnt wiLh u 
the range of the adjusting screws ^hich move tne microscopes indepen- 
dently of their supporting aim Recourse must njwbe hil fj tlicoe 
screws, by turning which in the direction indicated by the lel itive pos - 
tiou of the drcle division in question and the cross wiies, the idju tmpnt i" 



ti. — The line of eollimation. 
As the vertical circle ia not, like tiie mural, generally used as a diftVioii- 
tial instrument, tut in the measurement of absolute altitudes or :<i*nitli 
distances, it is not oaly necessary that the hne of eollimation shall be per 
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pendicnlar to the trauMt axis, but also that it shall be parallel to the 
radios of the gi'aduaied circle drawn to the zero of its scale. 

Lei X denote the angle made by the hne of eollimaljoti with the plane 
normal to the transit axis, which angle is lasnally very small, and a the 
reading of the azimuth circle, when the telescope is pointed to some well- 
defined object in or near the horizon. If the line of collimation lie on the 
side of the normal plane, towards the zero of the circle, the ti'ue reading 
will be sensibly equal to 

if there be no other error of adjustment. 

Now revolve the instrument in azimuth 180°, bring the (elescope again 
on the object, and denote by a' the new reading; the tine reading now 
will be 

the dilTerence of these true readings is obviously a semi-circumfereute, 
whence 

a — of— 2^ = 180°; 



and the true reading in the second position 

tt_a'— 18C 
«'+ ^— 



Again, denote by y '^e^ small angle which the line of collimation makes 
with the plane passing through the axis of the vertical circle and that z«ro 
of this latter circle nearest the lino of collimation, and suppose the line of 
colhmation to lie above this plane when the telescope is directed to the 
same object, as before. Let h denote the apparent altitude, supposing 
the circle in the position to mark altitudes ; the true altitude is sensibly 
equal to 

turn the instrument in azimuth 180°, and bring the telescope again on the 
object ; the line of collimation will now be below the plane of the axis 
and zero, but the circle now indicates a zenith distance 6', whence the 
tme zenith distance is 

adding these measures together, ive have 
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_ 90°-(6 +b') 

y~~ I ■- 

and the true zenitli distance tie comes 

"•" 2 

Wience to adjust the Hno of oollimfltion we have this rule, viz. ; 

Direct tho telescope to some well-defined and distant object, not fiir from 
the horizon, and bring its image to the intersection of the middle wires ; 
record tlie reading of the azimuth and vertical ciicles , turn the instru- 
ment in azimuth 180°, bring the line of collimation agam on the object, 
and record the new readings of the circles ; subtiatt tiom the differein* 
of the azimuthal readings 180°, diride by 2, and add (algebraically) the 
quotient to the last azimuthal feading for a new reading in izimuth Add 
the two readings of the vertical circle together, subtract the sum tiom 90°, 
and add half the difference to the last leadmg for a new leading on the 
vertical circle. Set the circles to these new le^dmgs, clamp and by the 
adjusting screws of the leticle bring the line of collimation to the object, 
and the adjustment is made ; it should be xenfled, howevei, by repetition. 
'I. — To make the normal wires perpendicular to the transit axis, 
proceed as u the TSf o he transit n, rm ent,v z. Move the diaphfagm 
about in o pine 11 te a^e ot so ne object ppei -s to run accu- 
rately ak some one f he es j he m Id one wh e the tele- 
scope is tu Tied abo t ta 9 

8. — The a! ule andazmah s unent 3 reo~i d ly many as 
the most In ve -^ 1 y sefu of all aaii onom cal ns ruments It is portable 
and accura e When uspd n the me d an t may pe -fo m the woi'k of 
the transit an I u al a c e tho igh w th so ne vhit d m n s el accuracy. 
But its p n pil me 1 -on n he ease w h vh 1 t may be moved in 
azimuth w hout mpa n g ts n a e nent f i! t de lud zenith dis- 
tances. 

9. — Tie U nen lb rnj of n bje t the angl indicated 
by the real g of tl e iz m th cle h n he ce re t he bject is ap- 
parently on the I ne of oil na on F om the nst im en al, the true 
heaving, o t lie me 1 in, s fo nd by a p ocess to h txp\ ned hei-eafier. 

10. — To find the Itt de and nstrumental beirng f an object at 
any instant, t s only neces, ary to make the object pass the 1 ne of colli- 
mation Ij n nc b h t, nt-si as t n oves th o £,h the field. of 

,i™,„M „ f, „ .a I, . 



-dbyGoogle 



283 SPHERICAL ASTEOKOMY. 

11 — The altitudp and time or the instrumeDtal bairiiig ind time, 
aie the elements moie common]} olsericl in the cise of cele&tnl oljecta 

12 — To ohtain the altitude and Urm- — With the uicles unci imped, 
direct the tel scope whiih it will be lemembeiLd miuts, so as to Inag 
the imnge ot the object m the lowei oi ujiptipaitot the field ofiiew la 
the body may ho nsing or setting ohmp tlie oucles, and by the t-iiigfiEt 
sciew ot the azimuth motion bnng the image to the middle noiillal wire 
•Hid teep if; there till it passes ill the asnl wires, carefully noting the 
time of its patAmg nch and ilso noting the mdiLitions of the levtl be- 
fore it ptBses the fiist ind after it pa=6eB the last one Now lead the 
veitical hmb nnclamp, and by an azimathal moticn, reveise the face of 
tie veitical circle withjut unnecessarj' loss of time, and go thiough the 
same operation as before Reduce the vertical readings to the same de 
nomination of nititude or zenith distance coirect them \y applying the 
luvei readmgs and tate half the snm for the altitude oi zemth distance, 
as the case may be. Add the times togetlier, and divide the sum by the 
Bumber of recorded tJmea for the con'esponding time. 

13. — To find the instrumental bearing and time, direct the telescope 
BE before, and clamp ; with the tangent-screw of the vertical motion, bring 
the image of the object to the middle axial wire, and keep it there till it 
passes all the normal wires, on each of which record the time. The read- 
ing of tiie azimuth circle will give tie instrumental beating, and a mean 
of all the times will give the corresponding time. 

All of this supposes that the object's change in altitude and azimuth is 
uniform ; and although this is not strictly true, it is nevertheless so nearly 
so for the short time its image is in the field of view, that the cnor will 
be inappreciable during the interval required for a single set of ob- 
servjitions. 

The Equatorial. 

1. — The object of tlie equatorial or parallactic, as it is frequently 
called, is to support a telescope, generally of great size and optical power, 
in such manner as to give to the observer the means of directing it with 
ease to any part of the heavens, and to measure at once the apparent hour 
angle and polar distance of a heavenly body. In the principles of its con- 
struction, it is like the altitude and azimuth instrument, but differs from it 
in the position of its ases, ■which, instead of being vertical and hoiizontal, 
are, when in' position, respectively peipendicular, and parallel to the plane 
of the equinoctial. The firat is called the polar, the second the declina- 
tion axis. It has two graduated circles, one securely attached to each 
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axis ; the plane of one, viz., that attached to the polar axis, is parallel, and 
the other pevpendiculai to tlie equinoetial. The firat is called the hour, 
and the second the declination circle. By a motion of the polar asia, to 
which the suppoits of the declination axis are attached, the deelination 
circle maj be made pai'allel to any assumed declination circle of the celes- 
tial sphere. The polar axis, always much loaded, is, in low latitudes, ood- 
siderably inclined to the hoiizon, and the practical difficulty of supporting 
it has ^ven lise to a variety in the form of the insti'uiaent. That repre- 
sented in the figure is the one now moat generally used, aad it is intro- 
duced here on that account. The principle is the same in all. 

The supporting-stand is shown at S, H, II. It is made either of a 
strong fi'ame of wood-work, or is cut from a solid hloek of stone. £ is a 
plate of metal, firmh secu d to the stand tlip su fice of contact hemg 
parallel to the axis of tlia hei eni Uj-Ou this pht^ the instiument is 
mounted. The polai n-ns is st^n at / It is of steel ant levolres m two 
cylindiical collata nt,w the extiemities and the lower end being rounded 
off and highly polished, rests upon a steel j 1 ite attached to a bearing 
piece X. 

To the lower end of this iiis k attadied the hour ciitle S which la 
either graduated into iiouiB minutes ani =tcouds oi into degi'ees an I the 
usual subdivisions, at the option ot the pcrsoq oi lenng the mstmment. 
The verniers, or reading miuosoopei and tangent-&ciew aiiangement, are 
suppoited by pieces connected with the plate JB The decimation axis 
revolves in a metallic tube 31 which forms a pait ot the ti imc work se- 
cured to the top en 1 of the p 1 ir ixis. To one end of the declmitiDn a^is 
is attached the deolimtion cucle P whiJi is ^aduated so as to lead polar 
distances or declinations— s ippoae the torm its mi i metei's and tangent 
screw being mounted upon piece? projecting tiom the extieinity ot the 
tube il/', and to the other enl which projects si ghtlj bejond the fnme- 
work, is attached the telescope it a point ncdiei thp ejeend than the 
middle. The excess of weight towiids the olject end is m the monnting 
by Mr. Henry Fitz, of New Yoik, compensited by a ccunteipoiae cyhu 
diical lever within the tube of the telescope and so arranged lu beanng 
as to counteract all tendency m the tube to bend Attached to the end 
of the declination axis, is a eounteipo se weight the office of which is to 
throw the centre of gravity of the entire movable part of the instrument 
in the polar axis near its upper end, where it is received by a pair of fric- 
tion-rollers. 

At C is a box containing a system of wheel-worlt, so connected with 
the polar axis as, by the aid of weights and a centrifugal govemoi', to give 
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it a uniform motion ot r t i n Tkc \dv iy ot lotit on 'i r _ulate(l bj 
a vertical motion of tlie axis of tie governor whoee balls m tbeir retro- 
cesaioa and inore^aing ^elotity force ■» pan of lubbmg surfaces against the 
interior of an inverted conical bos : the moment of the friction thenco 
arising equiUbratea fliat of a descending weight, and tlie motion becomes 
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nniform. By elevating the axis of the governor, the motion is aunpli'V- 
ated ; by depressing the axis, it is retarded, and thus the velocity of ro(.'(- 
tion may be made eqnal to that of the earth about ils axis, in wliicti c:\si: 
a star ia the field of view will be kept there ly the instrument it&elf, the 
effect being the same, abating refraction, as though the oavth weie nt 
rest. 

2. —With a divided object-glass for the telescope, to be explniufd 
presently, or with tha position mierometei'. the equatuiial is mostly iiwjd 
as a differenlial instrument, and particularly when the observer is pii> 
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Analysis of the Eqiiaiorial. 

The true instrumental position of an object is that indicated by an in- 
strument in perfect adjustment within itself. The a^iparent instJ'umeutal 
position is that actually indicated by an instrument whether in adjustment 
or not. When the several parts of an instrument ai^ adjusted with respect 
to each other, these two positions are the same. 

The instrumental hour angle of an object, is its angular distance from a 
vertical plane passing through the polar axis, estimated upon the hour 
cirde. 

Its instramental declination is its angular distance from a plane perpen- 
dicular to the polar axb, estimated upon the declination circle ; and its in- 
strumental polar distance, its angular distance from the polar axis. 

The line of collimation should be perpendicular to the declination axis, 
and the latter perpendicular to the polar axis. The index of the hour cir- 
cle should stand at the zero of the scale when the line of colliinaiion is 
parallel to the vertical plane of the polar axis, and, supposing tJie instru- 
ment to read polar distances, the index of the declination circle sJiould be 
at the zero of its scale, when the line of collimation is parallel to the polar 
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Supposing none of the coiidltiona to be fulfilled, tlia apparent instvn- 
mental position of an object wil! differ fron: the true, and the fii'st tiling 
to ba done is to fiod the hitter from the former, when the ei'i'oi' in each 
of the above particulars is known. To do this, we will premise that the 
equatorial may be regarded as an universal transit instrument, whose 
horizon is the equinoctial, aud aeuith the pole. The formnlse of reduc- 
tion applicable to the trwnsit will apply at once to the equatorial by 
making therein the symbol for the latitude 90° ; in which case we shall 
have for the difference between the trae and apparent inatiumental hour 
angle in arc, tlie sum of the last three terms of Eq. (15), viz., 

C COs(X-ii) , _ sin (X - ^) , 



which reduces, by making X = 90°, and replacing 5 by 90° — *, to 
c . cosec * + i , cot w + s ; 

in which c is the error in the line of coUimation, I that of the declination 
axis, and z a constant correction to be applied to every reading of the hour 
circle arising from the improper position of its index, and therefore the in- 
dei eiTor of the hour circle, and w the insti'umental polar distance of an 
object whose image is on the line of eollimation. 

Denoting by tf' the true, and by tf fJie apparent instrumental liour angle, 
and writing »^ rf for a, we have 



<S -\~ I . cot t! 



w 



Denoting by «' the tnie instrui 
lex error, then will 



;ntal polar distance, and by -i 
t -^J'n 



(6) 

Let US next find from the hour angle and polar distance as given by the 
instiiiment, whose parts are in perfect adjustment among themselves, the 
true kvwr angle and polar distance, i-e- Fig i. 

ferred to the true meridian and pole of s, 
the celestial sphere. It iaobvious that 
the instrumental and true co-oidinates 
would not differ, if the polar axis of the 
instiTiment were parallel to that of the 
heavens. Suppose this latter condition 
not fulfilled, and that the inclination of 
these axes is very small, as it always is, 
after putting the instrument in position 
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after Uie manner to be explained presently. Let PM he the arc of the 
meiidian ; P, tlie true pole of the heavens ; P', the point in which tha 
polar axis of the instrument produced piei'ces the celestial sphere; and S, 
the position of a star. Make 

p =: P S = the true polar distance ; 

*' = P' S" = the instrumental polar distance ; 

s = MPS = the true hour angle of the star. 

The difference between the trae and instrumental hour angles will be 

sensibly equal to the difference of the angles which the true and instm- 

meutal declination ciiTiles of the object mate with the plane of the celestial 

and instrumental axes, or SPR— SP'M; PB being P' P produced. 

Maho 

>. = PP' ; 

9 = MP P', positive when this angle is Xp tho west of tlie meridian ; 
c=SPR] 
d^PSP'. 
Then in the triangle S PP', we have, Napier's Analogies, 



tau i (P + P') - cot i- 


'■m 


-.i(l> + ' 


'')■ 






But P = 180° - 
cos, we have 

tan [90°- \ {c 


- c, and replacing cot 
-P')]=colJ(«- 


Jib, 
./■■) = 


its value i 
mid 


ntei 
cos 


.m! of «n 
HP-"' 


and 


taking the reciprocal, and observing that the 
^{p — *') are veiy small, and tJiat p = «', i 


m liave very i 


■n.i-i. 

,e.,l, 


and 




. - P' = . - »' 


= d. 


00..' . 






w 


But from the sai 


no triangle we have 













and this in Eq. (c), observing that the angle P = s — ip, gives 

s — tf' = X . sin (s — (p) . cot *' ; 

transposing and replacing if' by its value in Eq. (a), we have, since s and 
a only diifer by a small quantity, 

s = ff + i/tf + X sin (rf — 9) cot ■K + c . oosec * + Z cot ir . . {d) 

With S a&a. pole, and radius SP\ describe the arc P' T, then will 
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PS^p^v' + PT. 
But within the limits supposed 

PT = \.„„{,-f) = \.a.(i-,); 
whence, repiaciug ir' by its value in Eq. (6J, we have 

j. = < + ^* + X.cos{tf-9) (b) 

Adjustment 
The adjuifmenta of the eqiiitoiial mp of two classes, viz.: those which 
relate to the paita ^mong one loothei , and those which determine the 
position of the lustrument in lelation to the celestial sphere. 

The rules lor the first aie stiggesttd hy equations (a) and (h), and are 
as follows 

Index Error of the Decimation Circle — Direct the line of collimafion 
to any well-defined ohject in vny pait of the horizon ; in reversed positions 
of the declination circle, the readings of this circle in Eq. (i) give 

Taking the second from the flist, 

ff _ — — ^ . 

Apply this with its proper sign to the last reading w^, and the telescope 
still being upon the object, move the veruieis ov microscopes till tliey indi- 
cate tills coirected reading. 

lAne of Collimation. — The preceding correction being applied, move 
the telescope till the declination circle marks a polar distance equal to 
90° ; then by a motion of the polar axis, bring the line of collimation upon 
some object directly in the instrumental east or west; read the hour cir- 
cle; I'evei'se the declination circle ; bring the telescope upon the same 
object, and read again ; and these readings, in Eq. (a), will give, since 
■X = 90°, 

ff'^o'-H^tf + c, 

a'=(f,~ 12" + ^(f~c; 

whence, subtracting the second from the fii-st, 



Apply this to the last reading (fj, and move the instrument about its polar 
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axis till the verDier indicates this reading ; thca by a motion of the adjust- 
ing screws which act upon the telescope, bring the line of collimatioc tc 
bear upon the object. 

Declination Axis. — Turn the line of collimation to an object directly in 
the instrumental north or aoutli, to get the greatest declination. This will 
give to I its greatest affect. Eoad tie hour circle as before in the, direct 
and reversed position of the declination circle. Then, since by the last 
adjustment c = 0, we have 

ff' ^= (f + *J If + / . cot ir, 

a' — f; — 12'' -\- J g — I oot It ; 
whence, by subtraction and reduction, 

or, if the telescope be set to a polav dislauee equal to 45°, 

Set the hour cii I t th 1 t \ S t d by tl b in 

of /, and bring the 1 f II m t \) k t th Ij i bj th Ij t g 
screws, which act [ th d 1 t 

The Polar Axi pa It I lo th i f the JI w — Ab t th t m 
that some ciicump lar I th tb p 1 lb b t* t th 
meridian — say its ^pp-ssa — tlllti Itllt d 
the stai''8 polar distince d tj tl ft t d t t -jlttd d 
clamp the declinat 1 th ly t f ti t tni at n 
right ascension, ai d tl w h h t p th pol th me- 
ridian, biing the st t th os 1 L p t tl 1 11 tl la t, 
as indicated by a time-p i fs )ss g th m nd a. Tl 11 be 
sufBcient for the fi t pp t 

Then observe somwUk t qkce y th 

meridian, re^'ei'sing th d 1 t 1 Th ead g f tl i 1 t n 
circle, corrected for refraction, will give, in Eq. (e), since a" = 0, 

p^=-jr + J« + \. cos If, 
p=^i(, — ■Jv + K, cos f ; 
wlience 

X cos = -1±^ 

The first member being the projection of the arc X on tlie meridian, is th* 



-dbyGoogle 



390 SPHEKICAL ASTRONOMY. 

are by wLioli the pole is too high or too low. The i\xis being movoci 
thiOTigh tins distance by estimation, direct the teleaoope to the point dis- 
taiict competed 'or refinction, of a second star soon to come to the me- 
lidian when the star is in tho field put the clock movement in motion, 
and as the stir culminates, as indicated by a time-piece, bring the jisial 
wire to the star by the adjusting aci'ews of the polar axis which are in the 
meiidian. 

The polai' distance of another star when six hours flora the meiidian 
being observed in quick succession, in the direct and I'eversed position of 
the declination circle, Eq. (e) gives, since in this case if ~ 90°, 

y^iff-t-i^'ir + X, sin tp. 



The first member is the projection of the arc X, on the declination circle at 
right angles to the meridian, and is, therefoi'e, the deviation of the pole of 
the instijiment fl-om this latter plane. This error being treated in a man- 
ner similar to the preceding, by deans of adjusting screws which act at 
right angles to the meridian, tlie polar axis is brought to this latter plane, 
and the instrument will be so nearly in adjustment as to biing the ei-rors 
within the limitations required to render equations {(I) and (e) exact. 

The approximation may be continued, if dearable, or the value of each 
eiTOT found fay recourse to cel^tial objects properly selected, and these 
errors employed as elements of reduction. 

To find c. — Observe an equatorial star about the time of its meridian 
passage, and again after revaluing tho declination circle ; t]ie readings of 
the hour circle in Eq {d) ^ve 

« = <r^-*^lr-^-ccosec*, 

s' = a' — 12'' -f -d tf — c cosec -r ; 



_ (■-■')-(''- 



Denote by a the right ascension of the star, and by ( and f the sidereal 
times of observation, we have 



e above equation give 
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To find I. — Observe some star, near tlie pole, in quick si 
ing the declination circle ; the readings of the hour circle Iq Eq. (rf) give 

s =1 tf 4- '^ a" + >■ mn (if — 9) cot * + c . cosec * + ? cot w, 

X' = (!'— la*" + ^(T +X sill {a'— 12'' — (p) cot ir — c . cosec < —taol'H; 

whence, since the third terras of the second membai's do not differ sensibly, 

< . cot ir + e coaec or — - — —^ — ^ — ; 

eliminating s and s' by their values ( — a, and (' — «, and reducing, 

'= ^^''^^.:o.'r -^-— ■ ■ ■ ■ w 

To find ip and X. — Observe any ivell-lcnown stai', and again after revel- 
ing the declination circle. The readings of tlie circles in Equations (d) 
and (e) g^ve 

s = (f + A (T + X , cot * . sin {a" — 9) + )i, 

g' =^ ff' _ 12i> + A 0- + X . cot ^r ain {a' — 12" — a) + n', 

jp = * + A 'T + X . cos (tf — (p), 

y=*, + A*+X.cos(tf'--12''-9); 
in which 

n'^ e . cosec ir^ + Z . cot <^. 

Subtracting the first fmra the second, the third from tlie fourth, transp*- 
Bing, and making, after eliminating s' and s by thair equals I' — a, I — a, 

X = {f- ,)--(,._B_12>) -(„■-,.), 

n = (p'- J.) -(»,-*), 

we obtain 

?^.cot* [sin (ff'— 12^ — 

>. , [cm («' - 1 2' - 9) - 00, (« - rt] = n 
liut 

.l„(.'-l!' -,)-.!.(,-, ) = !■!« H.'-.-l!')-™C-iY"^'-»)' 

.„(.■- 12» -,)-,..(.- rt = .,i„H.-. -18'). .ill ( •'"*" '""' -tji 
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Bubatituting these above, and dividing tlie second equation by tlie firsi, we 
have, usingp for ff, 

whence 

a' + "- V2'' 



- tan""' , — cot ^ . . . . (A) 



and from equations {h) wo have 



To find d ff,— Obsarve a star before its culmination in the hour angle 
360° — if, and at an interval after its culmination in the hour angle iS\ 
such, tliat 360° — e and ff' shall be equal, or very nearly so, without re- 
vei'sing the declination circle ; Eq. (cf) will then gii-e 

24'' — s = 24" — ff + A ff + X cot * sin (360° — ff + 9) - «, 
s' = ff' + A ff + X cot * . sin (tf' — (p) + n. 

Adding and reducing, 

s' - s ^ rf' - tf + 2 A ir + ^. cot ff . [sin (-r' - ip) - sin {a' + 9) ] ; 
wiiUng sin (tf — ip) for sin {(t* — ip), to which it is sensibly equal, we haye, 
after developing the 'last teiiu, reducing, and replacing s and s' by their 
equals i — a and V — a, 

A. = y""-'''"'' +X. ».,.(.;., ..OS.) . . w 

For a star in or near the equator, we may take cot i- = ; or for a 
gtar whose hour angle ia 90°, in which ease cos a" :=: 0, the above value for 
index error becomes 



Ta find A*. — Observe the a:ime star twice in quiet succession, and in 
rcTorsed positions of the declination circle ; the readings of the dccliiiatiou 
circle, in Eq. (e), give 

p = 9- + A !f + X cos (tr — ip), 

JJ =: *' - A * + X cos (ff - 9) ; 
whence by subtraction, 
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Meliomeler. 



1 — n mage formed by a lens of a point on tie surface of an ob- 

t 1 e drawn through the optical centre of the lens aud tlie 

po Qt If th poiat be stationary and the lens in motion, along a line 

perp nd la t this iine, the image will also be in motion, and in flie 

aa d t n 

E y fraga nt cut ftom a lens by a section parallel to its axis, forms 
an image just as large and as perfect as does the entire lens, the only 
difference being in the intensity of its illumination, which will be less in 
proportion as the surface of the fragment is less than that of the en- 
tire lens. 

F, then, the lens be divided by a plane through its optical asia, and the 
two halves moved in opposite directions, and perpendicular to this axia, 
an image of an object formed by the entire lens wilt be duplicated, and 
the individuals of the pair will be equally bright. Two half lenses, so 
moun(«d as to be moved parallel to the dividing plane, called the plane 
of section, and at right angles to the optical axis, by means of micrometer 
screws, constitute the Sdiomeler. Such an arrangement forms the object- 
glass of the telescope at L, in Fig. 29, The screws are furnished with 
large circular heads, which are carefully graduated^ after the manner of 
tiiose of the position micrometer, aud are turned by the aid of a rod, 
reaching to the eye-end of the telescope. The entire frame-work, which 
supports the slides of the semi-lenses, admits of a rotary motion about 
tile asis of the telescope's tube, aud is put in motion by a second rod, 
also passing to the eye-end. By this last arrangement the plane of sec- 
tion may be made to pass through any two objects, whose images are 
simultaneously in the field of view. 

2. — The value in arc of the linear distance through which the 
images of the same object are made to sepatate, by turning the inicrom- 
eier screw-head through each unit of its scale, is found by a process in all 
respects similar to that explained in Appendix No. I., for the position 
micrometer, 

3.— Directing the telescope to the sun, duplicating its image, and 
turning the micrometer screws till the images are tangent, the reading 
multiplied by the angular value of the head unit will give the apparent 
diameter of the sun. Hence the name of the instrament. 
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4. — But it is obvious that the appai-eiit diraen^ona of any other 
body may be measured in the aaine way. Also the angular distance sub- 
tended by the line, joining two objects, whose images may be brought 
into the field of view together. For this purpose, turn the whole field lens 
till the plane of section pass through the objects, duplicate the image of 
both, and turn the micrometer screws till one of Uie imagoes of the one 
be brought to coincide with an image of the other ; the reading, treated 
as before, will give the angular distance sought. 



Tim Sextant. 

'hi-i != einplojpl m the m asuiement ef the ingulji distiwce 
J ob]e(,ti It IS one ot the most generilly useful in-.tiuments 
that has yet been dcMsed, furaiihmg 19 it does, data for the solution ot a 
vanety of astronomical problems of the gie^ttest practieil ntihty both on 
land and at sei It is especially ui^eful it sea, wheie the unstible position 
of the mannei exiludea the use of ilmost all othei instiumenta 

It depends upon this latoptiical pnnuple, viz When a lay of hght 
is reflected by tivo plane leflei-tors in a plane normal to both, tlie 1 \y 
ia doviited 01 bent fiom it"* original direction through in -mgle equal t> 
twice the angle made by the leflectoi's 

Let A C and 0£ represent the section of two plane reflectors perpendic- 
ular to their line of intersection G. RM, Jf JV, and iVO the course of a 
ray reflected fli'st at the point M, and next at the point TV; then will the 
angle S0A' = 2^C.B. For, draw the ri^ so. 

normals MB, M'D' to the reflector A C, -b 

and 2)I>' to the reflector C£, and denoti 
by ip and (p" the angles of incidence on the 
reflector A C; by ip' that on the refli ctoi ^ 

0£, and by t the inclination of the reflec 
tore. Then, since by the principle of optica 
the angle of incidence is equal to that of 1 in- 
flection, we have flora the tiiangle MJ>X, 



and from the triangle W H'-IV, 

v'- 

sdding these, we have 



and because MD and M'JJ' are parallel, the fli'st 
lion of the fli'st incident to the second reflected ray. 
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If theu the reflector CB were transparent at the point N', the wiivp» of 
light from an ohject at B', would be transmitted through it and coincide in 
directdon with those firoA R reflected at M aad N\ and to an eye situated 
at 0, the objects R and R' would appai'eiitly coincide. Two refiectora so 
mounted aa to give the means of reading tlieir inclination to each other, 
when tbis eoinoidenee takes place, would give the angular distance EOS' 
of the objects by simple inspection; and, with appliances to facilitate the 
operations of the observer, constitute a reflecting instniment, wbich, ae- 
•rardiog as its arc of measurement is extended to an entire eireumferenoo or 
limited to an arc of 90°, 60°, or 45°, is aiUed a reflecting circle, quadrant, 
sextant, or octant. The sextant is the more common of tb,e instrumenfs 
with limited arcs now in use. 

2. — The annexed figure repie^enta a sextant. It consists of flie two 
plane-glass leflectoi's G and B =een edgewise; a graduated aivi A A, of 
which the plane is poipenihcula'' to those of the I'efloctors; an indes-arm 
F, vei'nier V, clamp and tangent scimv ; a teleseoije MJ), of which the 
line of coHinaatioa is paiallel to the plane of the arc of measurement; col- 
ored glasses L and K to qualify the light received into the telescope, and 
a trian^lar sptem of fj'ame-work uniting strength with lightjiess, to sup- 
port all the pai-ts and render them available. The handle of the instru- 
ment is represented at ff. 

The ai'c of measurement is divided into hiJf degree spaces, which are 
numbered as whole degrees, and these divisions are subdivided to any ie- 




-dbyGoogle 



296 S P II E i; i C A L A S T R O R M Y . 

Biriible extent consistent witli facilitj of I'eading. The reflector B, called 
the index-fflass, is covered with an amalgam of tia on the fiice towards the 
eye-end of the telescope, and turns with the index-^rm about an axis in its 
own plane, and through the centre of the ai'c of measurement, being per- 
pendicular to the plane of the latter. The reflector C, called the torizon- 
glass, is, abating the limited range of the adjusting screws, securely fixed 
with ifa plane also at right angles to that of the arc of measurement Otily 
one-half of this glass is covered, and that half lies nearest the frame of the 
inatiTjment, the covered face being turned fi'om the telescope. The line 
separating the covered from the uncovered part of this glass is parallel to 
the plane of the graduated ai'c, and at a distance therefrom about equal to 
that of the line of coUimation, being sometimes a little gieater and some- 
times a little less in consequence of a change in the position of the tele- 
scope, to make the supply of light it receives throngh the uncovered, eqnal 
fo that which enters it after reflection from the coated part of the horizon- 
glass. The position of the telescope is altered by means of a screw and 
milled nut connected with its supporting 'ring U. By turning the nut the 
telescope is thrust from or drawn toivai'dsthe face of the sextant. This 
device is called the up-and-down piece. There ai'e usually six or seven 
colored glasses of different shades, which are so mounted thsit they can be 
turned about an axis c oi b parallel to the fece of the sextant, and be inter- 
posed or not at pleasui'e. 

To facilitate the reading, a small inicroaeope G is attached to a swing 
movable about an axis o, connected willt the index-arm. Two telescopes 
and a plane tube, all adapted to the ring U, are packed with the sextant 
One of these telescopes has a gi'eater maguifying power than the other, and 
inverts the visible images of objects. The telescopes ate provided with 
colored glasses, which are so mounted as to be easily attached to the eye- 
end to qualify the light of the sun when that body is observed. 

Adjuslments. 

3. — The sestant requires three adjustments, viz, : 1st. To mate the 



index and hoiizon glasses perpendicular to tlie plane of the a 
meat. 2d. These glasses parallel to each other when the index is at the 
aem of the scale. 3d. The optical axis of the telescope parallel to the 
plane of the arc of meaanrement, 

4, — To accomplish the firat, move the index to tlie middle of the arc, 
tUen holding the instjument horizontally with the index-glass towai'ds the 
eye, look obliquely down tliis glass so as to see llie circular arc by direct 
view and by reflection at the same time. If tlie arc appear broken, the 
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position of liie glass must be altered till it appear continuous, by means of 
Bmall screws that attach the fi-ame of the glass fo the instrument. 

The horizon-glass is known to he peipendicular to the plane of the in- 
strument when, by a sweep of the index, the reflected image of an object 
and the image seen directly, pass accurately over each other ; and any ec- 
ror is rectified by means of an adjusting screw, provided for the piu'pose, at 
the lower part of the frame of the glass. 

5. — The second adjustment is effected by placing the index or zero 
point of the vernier to the zero of the limb ; then directing the instmment 
to some distant object (the smaller the better), if it appeal' double, the ho- 
rizon-glaas must, after easing the screws that attach it to the instrument, if 
there be no adjusting screw for the pui^ose, be turned around a line in its 
own plane and perpendicular to tliat of the instiument, till the object ap- 
pear single ; the screws being tightened, the perpendicular position of the 
glass must again he esamined. The adjustment may, however, be rendered 
unnecessary by correcting an observation by the index error. The effect 
of this error on an angle measm'ed by the instrument m exactly equal to 
the error itself: therefore, in modern instruments, there are seldom any 
means applied for its coiTection, it being considered preferable io deteiraine 
its amount previous to obsei-ving, or immediately after, and apply it with 
its proper sign to each observation. Tlie amount of the index eii'or may 
lie found m the tollowing manner clamp the index at abont SO minutes 
to the left ot zero, and lookmg towards the sun, the tno images will ap- 
pew either nenlv m ix>ntaGt or oievlapping eacli other; then perfect the 
contact, by moving the tangeut -c rcw, and call the minutes and seconds 
denoted bj the veimei, the readmg on the arc. Next place the index 
about the same quantity to the light of zero, or on the ate of excess, and 
make the oonlact ot the two images perfect as before, and call the minutes 
and seconds on the are of excess the reading off the arc; half the differ- 
ence of these numbers i'; the inde\ error ; additive when the reading on the 
are of excess is gi'eater than that on the limb, and subtractive when the 
contrary is the case. 



Beading on the a: 



31 


66 


31 


22 





34 


- 


"T? 
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In thia case the reading on the arc being greater than that on tbe are 
of exec's, the indet erroi =17 second" must be subtracted irora all ob- 
senati ns txkenwith the in-'trument uniil it be found, by a similar pro- 
cess thit thp index eiioi has alte e I One observation on each side of 
zcio IS seldom considered enough to g ^ e the index error with sufficient 
exactness toi particular putpo^cs it is usual to taie several measures each 
way ; " and half the diflerenee of their means will give a result more to be 
depended on than one deduced from a single observation only on each 
side of zero." A proof of the coiTectness of observations for index eiTor ja 
obtained by adding the above numbere together, and taking oue-fouith of 
their sum, which should he equal to the sun's semidiameter, as given in 
the Kaufical Almanac. When the sun's altitude is low, not exceeding 20° 
or 30°, his horizontal instead of his perpendicular diameter should be 
measured (if the observer intends to compare with the Nautical Almanac, 
otherwise there is no necessity) ; because the refraction at such an altitude 
affects the lo«er bolder (oi limb) moie th-ui tiie upper so as to imLe liis 
perpendicular diameter appeal less thau his hoiizontal one which is thit 
given in the Nautieil Almanac in this case the seiiant m^l^t be held 
horizon! dlv 

6 — ihe thud adjustment is made >> the ail of two pii illU iviies 
placed m the common focus of the telescope fur the putpose of diieotiiiE; 
the obseivei to the centre of tbe ili-ld of view, in which an obs ivation 
should alnaya be made these wires aie patallel to tl t pkne of the instiii 
mtnt, and divide the field of view into fhiee neaily equal puts llie sub 
aud moon aie made tangent to each other, when tln,ii anguhi diotince is 
90° or moie, at one of the wues, the position of the "esfint is then alteied 
so as to bring these bodies to the sec-ind wue, if the contict Lontiuu , the 
line of coUimation is parallel to the plane of the instrument ; if not, the 
position of the tel^cope must ha altered by means of two adjusting screws 
conneded with the up-and-down piece. 

Artificial Horizon. 

7. — To measure directly the altitude of any celestial object with the 
sestant, it would be necessary that the object and horizon should be dis- 
tinctly visible; but tliis is not always the case in consequence of the irreg^ 
ularity of the ground which concesds the hiiizon from view. Tbe observer 
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13 therefore obliged to have recourse to an artificial horizon, which condsts 
usually of the reflecting surface of some licjuid, as mercury contained in a 
Email vessel A, which will arrange its upper surface parallel to the natural 
horizon I) AC. A ray of light SA, from a star at S, being incident 
on the mercui-y at A, will he reflected in the direction A£, making the 
angle SAC=CAS' [AS' being ^^ produced), and the star will ap 
pear to an eye at .ff as fer beJow the hoiizoa as it actually is above it 
Now with a sextant whose'index and hoiizon glaises are represented at I 
and -H", the angle 5-ffS' may be measured; )m\. SES'=SA8'~ASE^ 
and because j1^ is exceedingly small as compared with A S, the angle 
ASE may he neglected, and SES' -ivill equal S A S', or double the alti- 
tude of the object : hence one-half the reading of the instmmeM will give 
the apparent altitude. At sea, the observer has the natural or sea horizon 
as a point of depai'ture, and the altitude may be meaisured directly. 

8. — Having now gone through the principle and construction of the 
aextant, it remains to give some instiuctions as to the Taanner of using it. 

It is evident that the plane of the instrument must 
be held in the plane of the two objects, the angular 
distance of which is required. The sextant must be 
held in the right hand, and as loosely as is consistent 
with its safety, for in grasping it too firmly the hand 
is apt to bo rendered unsteady. 

When the altitude of an object, the sun for instance, 
is to be ohseived, the observer, having the aea-horizon 
before him, must turn down one or more of the dark 
glasses or shades, according to the brilliancy of the object; and directing 
the tfllescope to that part of the horizon immediately beneath the sun, and 



Fig.8B. 
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of gi'aduatiou 



hoWing the instnunent vertically, he must ivith the left hand slide the 
index forward, until the image of the sun, reflected from tlie index-glasa, 
appeal's in contact with the horizon, seen through the unsilvered part of 
tlie hoiizou-glass. Then damp, and gently turn the tangent-screw, to 
make the contact of the upper or lower limb of the sun and the horizon 
perfect, when it will appear a tangent to his circular disk. When an aiti- 
ticial horizon is employed, the two images of the sun must he brought into 
coutiict wiili each other. To the angle read off apply the index error, and 
then add or subtract the sun's semidiameter, as given in the Nautical AI- 
manf^ according as the lower or tipper limb is observed, to obtain the ap- 
parent altitude of the sun's centre. 

The Principle of Repetitmi. 
1. — By this principle, the invention of Boiiia, th 
in any instrument may be diminished, and, 
practically speaiing, annihilalfld. Let P Q 
be two objects which we may suppose 
fixed, for purposes of mere explanation, 
and let Oi be a telescope movable on 0, 
the common axis of two circles, AML 
an<l ahc, of which the former AML is 
fixed in the plane of the objects, and car- 
ries the graduations, and the latter is fi'e&- 
ly movable on the axis. The telescope is 
attached peiTnanently to the latter circle, 
and moves with it An arm On A canies 
the index or vernier, which reads off the 
giaduated Hmb of the fixed oude. This 
by which it 




provided with two clamps, 



a be temporarily connected with either drcle, and detached 
at pleasure. Suppose, now, the telescope directed to P. Clamp the index- 
arm OA to the inner drcle, and unclamp it from the outer, and read ofl 
Then carry the telescope round to the other object §. In so doing, tho 
inner circle, and the index-aim which is damped to it, will also be carded 
jound, over an arc AB, on the graduated limb of the outer, eq^ual to thi 
angle P Q. Now clamp the index to the outer drcle, and nndamp thi. 
inner, and read oif : the difference of readings will of course measure the 
angle POQ; but the result will be liable to two sources of error — that ol 
graduallon and that of observation, both of which it ia our object to get 
rid of. To this end transfer the telescope back to P, without unclampiiig 
the arm from the outer drcle ; then, having made the bisection of P, 
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clamp the arm to 6, and unclatnp it from B, and again transfei' the tele- 
Boope to §, by whicb. the arm will now Ije carried with it to C, ovei' a 
second. arc .S C, equal to the angle /* §. Now again read off; iheri 
will the difference hetween this reading and the original one nieasme iunce 
the angle J' Q, affected with both en'ors of observation, hut only with Ike 
same error of graduation as hefore. Let this process be i-epeated as often as 
weplease (suppose ten times); then will the final arc jI5 (7 .M^ read off on the 
circle be ten times the required angle, affected by the joint en'ors of all th.e 
tJ3n observations, hut only by the same constant error of g]-aduatioti, wl;ich 
[1 the initial ind finil read'nga off alone 



TkeRfiec g cle 

1. — The use of th n t ment s u general the same a^ tl at of 
the sextant ; bat wh n t uu t as t in doe. to the catoptno I p n 
ciple of tliia latter nstninent the p a. jle of ejettoa t be omes u 
the hands of a skiltul obscver one of th most refined inJ eleg nt of 
the portable implements n the se v cc of astruno «} 

This form of the instilment la represented n the annex d fig re 
The arc of meaburement vh ch is extended to the ent e c cum 
ference, is divided nto 7^0 eq al pi -Is and f r t! e easou e ph ned 
in the account of the sextant (hew pa-ts are nunbeed as whole de 
grees, the subdivisons he g continued to tny desirabl degree of m 
nuteness. 

The circle is mount d upon t vo c n utr e a ea h oh n iy n o 6 n 
dependently ofei h 1 i 1 th 1 Uj n o nl f he 
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centra! axis is mounted a refiector E, similar to the index-glass of the 
sextant, and npon tte otlier an arm A G, in the position of a diameter of 
the circle. Upon the corresponding ends of the other axis are mounted 
a system of fi'ame-work and a second arm SS. This frame-work siip- 
poi'ts a second reflector i'', similar to the horizoB-glnsa of the sextant, a 
telescope JI, colored glasses Jj and I^', and the handles /, J", K for hold- 
ing in different positions. The reflectors are perpendicular to the plane 
of the circle. Each of the arms A and S 3 has a vernier at both 
ends, and at one end a vernier, clamp, and tangent-screw, so that the re- 
flectors may be clamped in any position consistent with their being per- 
pendicular to the plane of the drcle, and for each position there will bo 
two arc readings, differing by 130°, 

At & is seen the barrel for the up-and-down piece, of whicli the milled 
bead is concealed beneath the end £ of the arm BJ). 

At M are seen the niicroseope and its reflector for reading, mounted 
npon a pin projecting from the vernier arm. 

The circle is usually accompanied by a stand, to which it may bo at- 
tached, when great steadiness is required, by means of screw holes in the 
bandies ; one of tbese holes is seen in the handle /. 

Adjustments. 
2 — The adju^tmentf. ire th^ same as those tt th srxtint and 
ppitoimed m the same meaner with the etception of the mdex eiior 
wl T h m l> s instnimfnf i d ^ i^s elimmit 1 by the manner of cb- 

Vod^ofOh.C II 

S — First Method — The instmment be ng m adjustment chmp the 
mdei A ind leooid its reidine noting the degrees minutes ind seconis 
on the verciei A and the minutes -md seeon Is on the * emier C Un 
clamp the index B and d retting the telescope to onj of the two oljects 
■whose angular distance is to be measured move the ti hole circle iiound 
til the two imiges of this olject are br u^ht nearly togethei damp the 
indes B corriTjlete the contact oi cumcidence by the tingent screw and 
record the reading as before notang the degrees mmutes and secDnds on 
the vernier B and the minutes and seconK on the vernier D The 
gl saes are now parallel Unclamp A and hoi ling the cicle n tlia 
phne of the oljeota direct the tele-*ope to the feint?r of the two in 1 
move the index A till the image of the second olject is brought neasly 
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ill contact ■witli that of the first ; clamp, and complete the contact bv 
the tangent-screw : read the \emiers -dind C IS hefoie Thj diftei nc of 
the A I'eadiDgs will ^ve tlie iDgle as me^suied hy the =K!\tant ^lll tlii^ 
anglo aliould always be noted I'i a cheiji. Next untlimp B -rnd keeping 
the telescope upos the same olject move the ivhole urcle tdl the two 
images of this object are agiin neatly ni contact damp and finish the 
contact by the langent-sciew The gla'aes are again paialkl, and the 
index B has passed over an arc equal to the nnguUr distance of the t«o 
objects. Unclamp A, and move it in the same direction as before till 
the two objects agiiin appear neaily in contact , climp, and Lompkte the 
contact with the tangent-seiew , the mdet ot ji will thus ha^e pasv=l 
over an arc equal to twice the angular distance of the otjccfs Now un 
clamp B, and turn the whole instiuoient as before till the two mna;** of 
the same object agaia appear Uimp and complete the contact, and the 
index of B will also have piM d ovei an arc iqual to twite the angulw 
distance of the objects. This process being lepeafcd as often ■« unv be 
deemed desirable, finally read the \ornier3 *is before Tike a metn of 
the minutes and seconds of the fiist reiding of 1 ind C, a" alao of B 
and J) these with the degrees of A and Ji will give the true lend ngs 
of the instrument at the beginning of the opeiation, do the sime loi the 
last rei lino; i ll I liy cio'ia of the lep fitiona TAe the d ffeience 
between t! e 1 s m 1 ii st reidin^ of the iiistiument foi each stt of ver- 
nier« add they, dfieicnces together and divile the sum by the number 
of times tha' A aal Bha.'e been mo^ed iffei fbo fiist oontict of the im 
ages of the same object the quotient ■njjl Ic the angle sought. 

A companson ot this anglp mth that g\en by the diiference of the 
seconl and fint icidings ot A will indicate the error, should one have 
been committed either in the readinga or m taking account of the num- 
ber of lepefitions ^ 

Second Method — Clamp A ind it- ord the readings of A and C as 
befoie unclamp B direct the tcl ''■ope to the fainter of the two 
objects, and turn the circle till the sccon 1 object appear nearly in contact 
with the fiist, flarap B , complete the ontnct by the tangent^screw, and 
recoid the reading of jS and D. Now, invert the instniment by revolv- 
ing it through an angle of 180° about the line of collimation of the tele- 
scope ; unclamp A^ and move this index till the objects again appear nearly 
in contact ; clamp, and complete the contact by the tangent-screw ; tlia 
difference of the second and fiist readings of A will be double the angu- 
lar distance of the objects, the half of which will be the cheek, Biing 
tlie instrument back to its former po?ition by levolviug it about tic line 
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of collimation ; jnclamp B, and turn the diole till the images again 
appear ; damp, and complele the contact by the tangent-screw ; the am 
passed over by B will also be double tbat of the objects. This process 
being repeated as often as the ob.wrver pleases, floally read the instviiment 
on both sets of verniers ; take the first feading of A and C from the last ; 
do the same for B and D ; add these diffei'ences together, and divide the 
sum by twice the cumber of times that A and B have been moved since 
the first contact. 

4. — The process of repeating is much facilitated by the following 
device. A brazen arc is attached to the frame-wort of the instrament so 
ns to be concentric with the arc of measurement, and just below it, and 
moves with the telescope and horizon-glass. It is out of view in the po- 
sition of the instrument represented in the figure. To this arc are fitted 
two small sfiders, that adhere to it by friction, wherever placed. Fiimlj 
attached to the tangent-screw end of the aim AC are two small pieces of 
metal, called checks, lying in the direction of radii, and just long enough 
to cross the brazen arc, and to slide over its surface, after the manner that 
tlie indes moves over the are of measurenient, so tliat if one of tb.o sliders 
be interposed, the motion of the index will be arrested. 

5. — Ie tte fiist method of observing, after the two images of the 
saino object are made to coincide, place one of the siiders against the 
eheck on the side from which the index A must be moved to bring the 
other object in the field of view ; after tlie contact of the two objects is 
perfected, by moving the index A, place the other slider in contact witi 
the other check on the opposite side. Now, the circle being in the plane 
of the objects, a little consideration will make it manifest, ihiit to restore 
the contact of the images of the same, and afterwards of the two objects, 
it vrijl only be necessary to biing the checks in contact wifh their respec- 
tive slides bv alternately moving the circle and index A. The bi'azen arc 
is sometimes graduated and numbered in opposite direetiona, commencing 
fi'om (he positions of the checks, con'esponding to the parallel position 
of the reflectors ; this furnishes an additional check upon the angle ineas- 

■ lu'ed, and facilitates the management of the slidei-s. .The use of tlje slideva 
in the second method of observing is, from what has been said, too obvi- 
ous to need explanation. 

C. — This Appendix contains, it is believed, an account of all iliat 
is essential in the theory, construction, and use of the prineipal iiisirn- 
nients employed in astronomical measurements. To describe a li liiat 
are in use, would expand the worlt to dimensions i 
object, via. : lo give lo students in the thre.^liold, s 
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nomy, a preparation for future progress iathe subject. The German 
Meridian Circle combines tlie Mural and Transit, aa does also the 
English Transit Circle. One of tlie most Tjseful instruments to which 
the student can give his attention, is the Zenith Telescope, alluded to 
on page 199 of the text. 



APPEIJ'DIZ III. 



ATMOSPHERIC REFBACTION. 

When liglit passes from one medium to another it is refracted according 
to the law expressed by the equation, Optics, § 15, 

sm. = m.m=' (1) 

in which z is the angle which the normal to the inci- 
dent wave mates with the normal to the deviating 
surface, and 2' the angle which the nonnal to the de- 
viated wave maJces with the same. 

Denote the angle of deviation SAS' by *•, then 
will 

which substituted in Eq. (l), we have, after develop- 

and because r is always small when m differs little from unity, which 18 
the case in the passage of light through the different strata of the atmo- 
sphere, we may write 

cos »■ = 1, and sin r = r ; 

and dividing both members of the above equation by cos s, wo have 

r — - ~ . tan 3 (2) 

and regarding z as constant, r will vary with m, and hence 




d)- = — g-tanz {3) 

Now, if we regard the atmosphere as composed of indefinitely thin and 

concentric strata of increasing density from the top to the bottom, dr will 

bfe the deviation of the ray in passing fiom one sti.itum to another whose 

20 
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iudexos of refraction differ by dm. But in fhe same kind of mediurn, this 
difference is found by careful experiment to be directly proportional to the 
difference of densities ; hence 



in which X is a constant and D the denaty of && atmosphere at the plac 
of any one stratum whose index is ni. Whence, Eq. (3), 

dT.= \.dI) .tax>z {'- 

Let OB be the arc of the earth's suifaco in Fig-S. 

a Tertical plane through a heavenly body S; 
(y M' and 0" If", two conceatiie sfiata of 
atmespheve in the same plane ; S 0" 0' 0, 
tlio curve which is normal to the front of a lu- 
minous wave coming from the body to the 
obseryer at 0. As an object is seen in the 
direction of the normal to the wave from it as 
the wave entei's the eye, the body will appear 
to an observer at to be at S', on the line 
tangent to the curve at ; and if SP\e the 
prolongation of the straight portion of the ray 
before it entere the atmosphere, the angle 
S TS' will be the total deviation. This angle 
S TS' is called the refraction. Denote tie 
radios of the eariii C by unity ; the height 
of the stratum JV^' 0' above the surface by x ; 
tlie angle OCO'bj i. Then taking 0' and 0" 
contiguous, we have 0' 0" ^dd, M 0" = 
dx; and the angle of incidence HO" S, on 
the stratum of which 0" JUT' is the upper lim- 
it, being denoted bv z, we have MO' ■=.dx 




de = - 






And denoting the apparent zenith distance Z' S' by Z, we have 

r :^ TP Z' — Z = 6 -^ z ~ Z ; 
and by differentiating . 
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or substituting the value of d&, in Eq. (5), 

wiionM, Eq. (4), 

. , r, 1^^ ■ tan Z , 
KdD . tan 2 = ■ — \- ds ; 



by integration 






logsin« = X2)-log(H-^}+a; 


and making x 


= 0, in which case i) = _y, and a = Z, we hare 




logsinZ = X_y, -[- C; 


and by subti'action, 




^°S £i =-'>■{!>. ~I>)- log (1 + a;), 




log 5|^ = log «-'■ (-^.--0) - log {\-\-x)\ 


whence 






sin 2 . o-MA-D) 




""^ 1+* 


Bul^ Eq. (4), 


dr -KdDi^nz ^J'^^-.-^-O. 

VI ■- Sitf 2 



and substituting the value of sin s above, 

X.mZ.,-»W-'').JZ) 



V(l +:.)■- 



-~^X{D, — D) 



If the law wliioh connects the varying density D with the height x be 
given, one of these variables may be eliminated and the integration per- 
formed. But in a practical point of view this is not necessaiy; for X irf 
known to be a very small fraction, as is also the greatest value of «, the 
latter not exceeding 0.01931, being the height of the first stratum of air 
that has senable action upon light, divided by the radius of the earth, or 
77 miles divided by 4000 miles. Developing the factors e~** '~ 'and 
e~ \"-~^)^ neglecting the second and higher powers of X and x, and 
also the term of which X sin' Z is a factor, which may be done witlioiit 
sensible error when Z does not exceed 80°, we find 
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Vl + 2k — sin=Z Vcoa=2 + 2s ' 

dr =—_ ^ „— — X tan z . (1 — a; seo" Z) iii>; 

whence 

r = X tau zf(dl) — see' Za^i^i)) ; 
and performing tie intagrafion, that of tie last temi Ijy parts, 
r = X tan Z [i) - sec' Z.{I)x~f D . rf«)] ; 

but if A denote the height of the mercurial cokimn at any stratum of air 
aboTft tlie observer, D^^ the density of the mercury, and g the force of 
gravity regarded as constant, then will 

and 

s- = XtanZ[i)-sec'Z(X'.'B-7)^,A)+ C]; 

and fi'om tlie limit a = 0, where D =.D' and A = A^, to the* limit x = 
height of the entire atmosphere, where J> — 0, r = 0, and A ^^ 0, we find 

r = >. tan Z . iJ' /l - A . ■^' sec' zV 
Taking the density of Mercury as unity, we have the mean value of 
The meau value of A is found from the proportion, 
4000 : "%m : : 1 : ft : 
which will give for the coefficient of aec^ Z, 

h.-^ = 0.0012B17. 

Also, if D^ be the density of air when the thermometer is 60, and the ba- 
rometer 30 inches ; and we take a = 0.00208, and /3 = O.OOOIOO!, tiie 
coefficients of expansion for air and mercury respectively, then, Analytical 
Mechanics, | 345, 

Ti'=T> A 1 + (50 -t) . g 
' '30 ' l + (i — 50) . a" 

in which ( denotes the actual temperature of the air and men 
the same, and h the height of the barometer. Hence 
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r = Xi), . — . ^ i'""^ ~ ^\ ^ . tan Z (I ~ 0.001251^ sec' Z) . . (S) 

Had the second power of x been I'etained in Eq. (7), then would 

r = li>,.A.!±»gy.Mz(l-0.001!51I.«.iH-0.00000US^^5i^)W' 

the last term of which, within the limits supposed, is insigQificant. 
Mali;o 

„ = A . L+I55jli)j! . .» Z . (1 - 0.001261Y »c' Z) . . (9) 

30 1 + (i - 50) a ^ -' ^ ' 

and we have 

r = Xi>,M (10) 

r>enot« by z and e' the greatest and least observed zenith distanees of a 
eircumpolar star, r and r' the coirespondiiig refractions, and e the zenith 
distance of the pole ; then will 

^ g + >■ + g' + / 

In like manner, if 3, and g/ be the greatest and least zenith distances of 
another eircumpolar star, r, and r/ the coreesponding reiaotiona. 



Equating these values, rcpladng the refractions by the values given in Eq. 
(10), we find 



~{z-z') 



- K - «/)" 

The indications of the barometer and thermometer being substituted in Eq. 
(9), ^ve M, m', !i^, and w/, and therefore the value of "KD^. Numerous 
and careful observations make Xi)^ = 57".82, which substituted in equa- 
tions (8) and (8)', ^ve the refraction for every observed zenith distance, 
temperature of the air, and height of the b 



-d by Google 



SPHERICAL ASTilOtrOMY. 



APPEE"DIX lY. 




SHAPE AHD DIMEts'SIONS OF THE EARTH, 

Let A MP I A! represent a meiidioiial 
section of the terrestrial ellipsoid, -M^tlie 
place of tile spectator, B tlie iiortli pole 
of the earth, C its centre, Z the zenith, 
HMH' a parallel fo tie rational iiorizoTi 
and tangent to the meridian section at M, 
A! A. the intersectioE of the equator by 
tiie meridian plane. 
Make 

I = the angle MGA = PKH^ latitude of If ; 
A = OA, the equatorial radius ; 
B = CB, the polar radius. 

Then, referring the curve to the centre and axis, its equation is 

A^,f^BW = AB^ 

the equation of the tangent line HH\ 

A'yy' + B'xx' = A^ . . . . 

and the equation of the normal at M, 

A^' {x~x')~B'x' {y~^') = . . . 

in which as' and y' are the co-ordinates of iW, 

Denote the angle MT by T, then from Eq. (6) wo have 



(a) 



but 7"= 90° — I, whence 

B^x' tan l^A'i/' 

Also, denoting the eccentricity hy e, we have 



Substituting x'j/' for xy in Eq. (a), combining the reKiiJting equati( 
Eq. (d), and eliminating B by means of Eq. (e), we find 



■ » 
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^ ^ VT- ^ siii= ; 

Vl - e' sill' I J 
Differentiatiug the first, regarding x and i as variable, we liave 

but, designating by s tlie linear dimension of any portion of the arc of the 
curve, we have for the projection of the element i^s on the asis of a;, 

ds.c<3% T= ds .sinl; 
and since a; is a decreasing function of the latitude, 

— dx' r= ds . sia I; 
which substituted in Eq. (ff) gives 

(I — e^) dl 
(I-.= sin=;)^ 
For any other latitude l', we have 

d.' = A. ('-'■)■'"' (,,,, 

(1 - ,■ .in- f )i 
dividing tlie first by tte second, mating 

dl = dl' ^ 1°, 
and solving with respect to c', tia find 

g _ 2 ds- ds' 

^ ~ ^ ■ SFsmW — rfg'sin^ I' ' ■ 
From Eq. (ft) we have 

A = ^,(l-c^sinUf ij) 

and from tlie well-known property of the ellipse, 

£ = A Vn^ (k) 

Making dn^c, ds' = c', l~l„ l' = l'„y we have equations (lO) and 
(II) of the text. 



O") 
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DenotiDg by R tte radius of curvature at any point of tte meridian, w 



finding t^e values of dt, dy, and <Py from Eijs. (/), and sutititutiog 
above, tbere will result 



(1- 

I^R : 360' 



(1 - ^ sm- lY 



in which ^ denotes the linear dimension of one degi'ee of latitude. 

Denoting by p the radius of tie earth in any latitude I, we obtain by 
squaring and adding Eqs. {/), 



,=A.l/^* 



iW 



w 



Every section of the terrestrial spheroid through the centre is an ellipse of 
which the semi-transverse and semi-conjugate axes are respectively A and 
p, I being the latitude of the extremity of the conjugate axis. Denoting 
by e^ the eccentricity of the elliptical section, we have 

a _ ^°-p° _ e° (1 - ^) sin' ^ 
^' ~ ^' ~ 1 - e^ sinM ' 

this value of e/ subslitnted in Eq. {I) after making therein I = 80°, and 
denoting by ^, the length of a degree on tie section perpendicular to the 
meridian in the latitude I, 



'-.■^■'fr. 



The value of the radius of the parallel of latitude is given hy that of m', 
Eqs. (/) ; and denoting by a. the linear length of a degree of longitude on 
this pardlel, we hare 

« = — ^' = -- A '^°"' {o\ 

360 ■ 3G0 ■ ' ■^J\-i sin= I 
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DividiDg both membei's of Eq. [a) by A^B^, raating ^ = 1 and B = 
that ei 



y 

Differentiating, we find 

dy ~fx' 

but tbe angle at Mm tbe evanescent tJ'iangle mMh is equal to tbe angle 
at (r = i' in tbe triangle MGD ; and denoting in future tie central kli- 
iudd MOD hj I, y/eha.ve 



tan I =^y' tan ?' 



Mating A T= Ij B =-Y, and eliminating ^ from Eq. (ra) by the relation 
e' = I — y^, we have 



Vi+^ 



APPE:tfDIX T. 



EARTH'S ORBIT. 



The sun'a attraction for the earth varies inversely aa the square of the 
distance. The earth describes, therefore, an ellipse about the sun, having 
the latter body in one of its foci. 

By Eq. (266), Analytical Mechanics, we have 



w 



in which a denotea the angle which the radius vector of the earth luafeea 
with, any assumed axis, r the radius vector, c the area desciibed by the lat- 
ter in a unit of time, and t the time. 
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Also, Eq, (277), Analytical Mechanics, 

•(1-0 = ^ (6) 

in which a is the semi-transverse axis of the earll's orbit, e its eeeentridtj', 
and k the intensity of the sun's attraction on the unit of mass of the earth 
at the unit's distance. 

The polar equation of the ellipse is 

1 -t-ecos r ^ ' 

in which V is the true anomaly, estimated from tie perihelion. 

Eliminatiug r and e from Eq. {a) by rooana of Eqs. (S) and (c), we have 

developing the factors of the second membera by the binomial formula, 
and neglecting all the terms involving the powers of e higlier than the sec- 
ond, we have 

^.rfi=(l-|e^)(l-2ecosF-i-3e'c<.s=F-&c.)(ia. 

and because 

cos= F= 1 + ^ cos 2 V, 

da = dV; 

and, § 201, Analytical Mechanics, 



in ■which T is the periodic time, and m, the mean daily motion of a point 
on the radius vector at the unit's distance from the sun ; whence we have 

mdt = da.-2e<y3t, VdV^l e= cos 2 F<;2 F- &c.; 
and by integration, 

mt+C=a.~2enm F4- |- e^ sin 2F- &c. 
Making V—O, and estimating a from the line through the vernal equinos, 
we have 
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in which a, 's the longitude of the perihelion, and Ij, the time since peri- 
Iielion passage. Whence, by subtraction, 

m {t - t,) = a~ c^^ ~ 2e^RV + -}e' sir, 2 V~&c . . {e) 
but 

whence 

m(i-(!^)= F~2esinr+fe^sin2r-&o. . . {g) 

in which w, {t — (p) is the mean anomaly, being the meaa angular dis- 
tance fi'om perihelion. 

Adding a,^ to each member of Eq. (e), mating 

m(!^l,) + «, = .., 

and writing a — a,, for V, we find 

,.. = »_2.f«n(»-»,) + J-.'.in3(»-^)-fe. . . (4) 

in which a,^ is the mean, and a. the true longitude. 

Denote by L the mean longitude at any given epoch, say the beginning 
of tie year, and by t the interval of time since the epoch ; then will 



and 


a„ =L + mt, 






i + n.! = »- 


- 2«. in (i- a,) + -»-,». sin 


2 (.-.,) --fa.. 


■(i) 


, Again, aauming 


nos T.-_ josit-e 




r^T 



and substituting in Eq. (/), and replacing tlie fiKt factor by its vaine in 
Eq. (i), we liave 

ml + 0=fi, (1 - . CO. «) = . - . »n »j 

and mating t :=(,,, in which case the body is -n perihelion, where F= 



and by subtraction, making t— tp = t', 

From Eq. {j] we have 

tan|=4/r+^.,. 
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fi'om whicli we liave 

F=i. + .«in^ + J.rfn2« (0 

and from Eq. {k), 

u = mt' + 2esiamt' + le'im2mt' + &a. . . . (m) 

whicli substituted in Eq. {I) ^vea 

F=mi' + 2esinmi' + |^.5iii2mi' . . . . (n) 
whence 

F— !»(' = 2esiii m!' + |e' .sin 2m(' . . . . (o) 

The first member, which is the difference between the tiiie and mean 
anomalies, is eaUed tie equation of the centre. It is expressed in terms of 
the eccentricity and mean anomaly. The auxiliary angle u is called tb« 
eccentric a. 



APPENDIX YI. 

PLANETS' ELEMENTa 
Differentiating the equation 

^ cos r ^ - -1 
ye have, after dividing by d t. 



but, Analytical Mechanics, | 102, 

dv 2c 



whicli substituted above ^res, aiter making 



whicli is Eq. (100) of the text. 
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APPENDIX VII. 




PLANETS' ELEMENTS. 


JVom Eq. (277), Anohjtkal Mechanics, we have 


whence, maiing fj. = 




and this in the equat 
Appendix YI,, gives 


dv 2c 




dv V^ . Va (1 - e^) _ 

di r^ 


and substituting the ■ 


value of ?■" from the equation 


we find 


1+ecosB' 


dt 


J.a-^i. dv 


To integrate this, assume 



from which find the value of dv; elimicat*; dv and cos v above, and b 



ind by integration 



But, Analytical Mechanics, | 20], 
m which T is the periodic time. 
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Wiience, matiBg t — wheu m = 0, we liave (7=0, and 
2* _ . _ 

and denoting the mean motion by w, we have 



and. finally 

n ( = M — e sin i[ ; 

which is Eq, (lOG) of Ihe test. 

'ITie quantity t is the time from perihelion, for by makiig m = 0, i 

( = 0; costi = 1, or '0 = 0°. 



APPENDIX VIII. 
PLANETS' ELEMENTS. 
Differentiate the equation 

>■= = ^' + ?= + A 
and diyido Tjy 2Tdt, wo have 

rfi "r'rffr ' dt '^r'dt' 



and making 




^-F- ii-r- ^=F: 


da 
i! 


we have 




r, = J.r, + ^,F,+l 


■ y» 


wHchisEq. (112)oftliotest. 
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APPENDIX IS. 

PLANETS ELEMENTS. 



a„ Hj, K), the observed right w 
Si, /3a, jSj, tlie observed north polar distances; 
I,, is, (3, the mean times of observations reduced to any first meridian, say 

that of Greenwich ; 
and suppose the observed quantities corrected to the mean equinox and 
mean position of the eqitatoi' at the beginning of the year. 

la the interval of time required for liglit to travel fi'om a roaming body 
fo the eatth, the body describes some definite portion of its patli, and at 
any given instant we see the place it left aijd not that which it actually 
occupies. We look, as it were, at luminous places on the orbit, but always 
behind the body's true place. The position which a body occupied at the 
instant the light started, and in which it is seen at a given time, is called 
its virtual place at that time ; and that which it actually occupies is called 
its true place. 

Conceive three sets of parallel rectangular coHDrdinate axes, one set 
througk the place of observation, another through the centre of the eaith, 
and the third through the centre of the sim. Take the planes a:y parallel 
to the plane of the equinoctial, the axes of x parallel to the line of the 
equinoxes and poative towards the £1^1 point of Aries. 

Denote by p^ the distance of the body's virtual place fram the eai-tb at 
the time tj, and by v the time required for light to tiavel over the mean 
radius of the earth's orbit, which we have taken as unity ; then will v p^ be 
the time required for light to travel over the distance p,. 

Denote by x, y, z the co-ordinates of the virtual, and x, j/, s the co-ordi- 
nates of the true place of the body at the time t^, referred to the centre of 
the earth ; then, regarding the motion of the body as uniform during the 
time V will 
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Denote the co-ordinates of the sun, cleared of abeiTation at the time („ 
and referred to the same oiig^n, by X^, Y^, Z^ ; and the heliocentric co ■ 
ordiuiitea of tho true place of the, body at the same time by a,, t/^, z^ ; then 
will 

y^Y, + y„ 



which in Eqs. (1) give 



2 = X,+«,-, 

; = z, + «, - . 



dt 
d (Z, + g.) 



dt 



a which 



P, = (-', + 2,) «= ft 

or, which may be preferable, if the body be near the equator, 
,, = (», + X,) mo »,oo!eo ft. . . . 



• ■ W 

Denoting the co-ordinates of the virtual place of the body at the time (,, 
referred to the place of observation, by x', y', z' ; and tie co-ordinates 
at the same time of the place of observation, referred to the centre of the 
earth, by/„ ^„ and h\ then will 



y = y - 



■! ^h; 



which substituted in Eqs. (2) give 



'^)-f. 



y'-y,+ r,- 



\dt dt f 



-dbyGoogle 



APPENDIX IX. 321 

in wliieli cotan ^i = cos a, . tan ^i {T} 

Also, if I denote the geocentric colatitude of tlie place of observation, p tbe 
corresponding radius of tha earth, and T, tbe sidereal time of obseivation 
reduced to degrees, then will 

/, = p . sin i . cos T, j 

ff^ = p.&ml.^m T,\ (8) 

A = p.co3i. ) 

und 

surt'a horizontal parallax at the place of observation . , 

number of seconds in an arc equal in length to radius 

Multiplying tbe first of Eqs. (5) by tan a, and subtracting the product 
from tbe second, then by tan fl, and subtracting tbe product from the third, 
and reducing by the relations of Eqs. (0), wo have 



"i = (X,-/,)ton«i-r, + p,-)-vp, 


f+^--. 


5+^1)]^ 


9. = (X,-/,)Uine,-2, + S + vp, 


:s+^-'-. 


'i^fm 


=, = (X,-/,)tan^,- r,4-s^, + vp. 


t^?-".- 


'S^'M 


e.^(X,-/,)tan9,-^ + A + ^p. 


^ + ^ — tonSs 


t+")] 


„, = {X, -/,) t!in 0, - J-j + sr3 + vp. 


J( + <;* *'""'= 


t+^)] 


e, = (^3 — /j) tun e„ - Zs + A + V 1,} 


^ + -J^-taae. 


S-^.f-)]j 



a which, as in equations (3) and (4), 





f, = (., + Z.). 
„ = (zt + Z,), 


eo/3, 
ecft 


} 


or, if the body be 


near fie equator, 






Now make 


,. = (^, + Z.),eo. 

(, = (s ~ T, aad 
21 


= 1 


+ ''; 



(12) 
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then, because x, and x, are functions of i, which become a 
become zero, we have by Taylor's formula, 



~ dl ■ 



<Px. 



T + - 



df ' Q^ df ' 24 



and the same for y, and 3, ; 



Xs = Xi-\ 



dt ' 



(13) 



and the same for y^ and Z;. 

, The intervals t and t' must be such as to make these expressions con- 
verge rapidly, and it will rarely if ever be necessary to retain the terms of 
the series involving powers of t and t' higher than the fourth. 

Denote by fi tlio acceleration due to the sun's atti'aetive forc« at the 
mean distance of tie eai'th, and by r^ the distance of the body from the 

sun at the time (s, thcn.will -^ be tlie acceleration due to the sun's attrac- 
tion on the body, and we shall have 



di' 



BiffKrentiating and dividing by dt, twice, we have 
d^Xs II. dx^ Zf). di-^ 



.(14) 



d^Xi _ 
7? ~ 

and' the ssd 



6(J. dr^ dx^ 3(1 d^r 
ft^ ' dt dl To'' d i' 



rf'^a c^Vs (f^a 



by simply wrifiTig j/ and : 



■ely for x. 
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These values being substituted in Eqs. (13), and the resulting values of 

*], y\, 2], ^a, 2/3, and s,; 
and also those of 



obtained therefrom in Eqs. (10) — ohserviag to limit tie series to the second 
order of differentials in tlie aberration terms, or those of which v is a factor, 
and to tlie fourth order in the othei-s — we have, after making 

A = (X,-/l)tana,-y;+^, 
£, = (X| -yi) tan &: — Z^-k-k 
^, = (X,-/,)tan«,-Fs+ff, 
Bt = (Xa —/a) tan fl^ - 2^ + k 
^ = (Xi-/.)tana3^r,+^, 
B^ = (Xj -/O tan i,~ Z, + k , 
dX. 



dt 
dZy 



. <^X 



.(16) 



^=^i^ivrTi^h 


■ rfi' 








if," 


fir'" fUT'* (Zn 





.(17) 
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.,= ( 17+ «f ) b.-.. f. ..)+( ir+.„) (I- -t„. ,. *■) +,pA 
'■=('^+T)<^--"^-'"'''+"^+'"'('^-'"''^)+'"'' 

/, dvi dxA 

..= (p-!»^)(y,-..U...)+(>F'+„.)(fi-.an.,§)+.,.i. 

4._(i7'-?»:::)(..-..t.„(.)+(IF'+.,.)(g-t«.,^-)+.,.!. 

and in which, by substituting ,the values of 2, and Sj, x, and «a in equatioi 
{3),(4),<ll),and(l2), 



ps == (^2 + -^s) see oj . coseo /3a 

yj — a-s tan a, — -77 -^ + tanai-rrV = jli + a, 



ys — 3^2 tan «j = j^2 + aj 

Ej — a-ji tan ^1 = B^-fr hi 

d'f, dx, , , , 



u :!*,.- 



t«n «, iiV = A + i. 



.(19) 



.(21) 



-dbyGoogle 



APPENDIX IX. 



Jlegai-dmg a^j, j/j, Sj, -y, ~~, and — as \mJinowu quaatities, we ob- 



(23) 



tain by elimination, 
















a^ =^ (i> -I- ^.\ _ /O 4- M . 






in wMch, 


by making 














It 


-(.. 


\ ,;.(..-.,)«" 


^a ■ 






?j-, in (..-».) cos 








S-- 


^(- 


'\ sin (0, - d,) cos 
rj- »»(!,- a,) cos 






we have 














P 


'W 


=^ 


, cos Hj 

■m(»,- 


-^y{^'V + ^-- 


..(> 


-v)] 


e 


'JW 


=5t 


.in (), - 


X,-[^'V + ^.- 


M--)] 


p 


= fB 


3sy 


■i»(„- 


-^,■[4 — 


..(.. 


^)] 


? 


'W 


^rgj 


B^,"^ 


X)-[''^+'--' 


(- 


^)] . 


or by making 
















i) = 


cos 


M, COS «s 


'"v 






-B-/S) 


Si. (.,-..)' *- 








F = 


cos 


<,co,(. . 


=4 






^B - S) 


.>«(..-..)■ ''- 




we have 




e = 

2 = 


1>{A- 
F {Bi- 
-0(0,- 
F{b,- 


A) + .E (^, - A,) 
B,] + a{B,~B,) 
«,) + _B («,-«,) 
J,) + ff (6. - s.) 
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fa = aJj taa a^ + As+a^ 
!s = Xs tan fla + -Bj + ^ 



^ = A(i;_s)(P+i>)-J(l4-i?) 



- (^a tan «, + ^i + a, — ys) 



-jf = -Tf tan a 



- (a^jtaa d, + £i + 4, -gj) 



ir instead of tte last two. 



(j + — (Xi tan Hj + ^3 + Oj — y^ 



rf( lii 



h + -S, + 6; 



%) 



Kow altliougli iho Eqs. (26) express ti.e values of the co-ordinates and 
components of tlis velocity of the body at the time of (te second observa- 
tion, they involve the geocentiie distances p], ps, pj, and tb« radius vector 
Ti, which are unknown, and the solution of the problem can only be ac- 
complished by successive approximations, 

First Approximation. 
Let us first neglect the terms iuvolving aberration, and those 



lactors powers of t and t' h 

and E^s. (18), 

«, = 



ir than the second. This will ^ve, Eqs. (17), 



U'^ 



— I (j/a — x, tan a,) 

''-^, (zj — x^ tan &,) 
B, = &a = 

«j = 2~^ (!/s — ^2 tan Hj) 
B, 3. ^ (a. - 4 tan (I3) 
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and as all feruis involving powers of t and t' higher than the second are 
lo be neglected we obtain from Eqs, (21), for the values of the several 
factoi's above, 



£s — a'atan d, = £, 
ys — a-j tan a^ = -^s 
2j - 2a tan O3 = ^s 
j/j — a^s tan aj ^ vlj 
Zj — Xg tan ^a =^ B^ 



which substituted in Eqs. (27) give 



"3- 






2r,' 



and these in the first of Eqs. (36) give 
and making 



^ t' + -. ■ 



.{31) 



and this value of x^ and the foregoing I'alues of a^ and 63 in the second 
and third of Eqs. (26), give 

JVtanoj 



i/s= O tan Kg + j4j + - 



ri 



-. CtanSs + B: + - 



r making 



C = C tan a^ + A^; N' = N tan o 

C" = C tan ^a + ^3 ; N" = N tau (], 
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we have y,= C -\ — ^ •'. (33) 

N" 
s,= C" + ~ (34) 

and hence 

T!i [u t n m t b 1 1 t t t Ij If the Lody he considci'ahly 

Bed fact tlian th. a th f m th sun C C\ 0" are respectively ap- 

j X m f n to the lues { j ad if considerably leea distant, 

N If V 

then —,, ~—i, and — ^ a e at p m t n t the same auantiti^ It ia 

evident that a value for t-j must be selected which will make the greatest 



greatest, the value of rj which satisfies the equation 



?('-7l)' 



will differ from tie true value by a quantity less thiin 

is, less tiian 0-21 r^. 

But the solution of Eq. (35) may be greatly facilitated by means of a 
elegant geometiieal construction, due to J. J. Wateiston, Esq. Thus : 

Squaring the terms as indicated in tbe second member, recalling the r( 
lation in Eq. (7), which will give 

1 + tan' ttj + tan' &i = taii^ fl, seo^ /3j ; 
substituting the values of C", C", JV', N"" in Eqs. (32), and makmg 
r = iV . tan Jj sec /3s ; 

jr=^s tan as. cot da cos ^j + ^a cos /3j ; 
/3 = .ff + C fan fla sec ft ; 
tt' = Ja= + B.^ - K' ; 

equation (35) may be written 



-(^-5)' 
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-^■^y (3^) 



tien will 

4- — 1 = cot' i, and 
and Kq. {37), 

cot () = - + 4 ■ 
and making cot 3 = 2/, and sia* 3 = :c, 

Also 

1 + coL' fl == coseo= 6 



If the curve of which this is the equation be described graphically, and the 
atraiglit line, of which (38) is the equation, be drawn, the abacissa of their 

point of intcrBectioii will g^vo the value of sia^ S, or -j ; and t^ becomes 
known. Its value may be verified by substitution in Eq. (35). 

This value of rj in Eq. {31) gives Sj, and this in the second and third 
ot Eqs. (26) gives y^ aiiii H> also, '"a iii Eqs. (29) gives a„ 6„ a„ Sj, and 
these in the third of (25) will give p, which with a, and b, in fourth, fifth, 

and sixth, or fourth, seventh, and eightli of (26), give -^—, ~, and -z-^, 
and the values of p,, pj, p, in Eqa. (19) or (20). 

Second Approximalion. 
By different) aljiig the equation 

!■/ = »s' + y/ + Si', 
and dividing by r^ dt,.-w6 have 

dr^ __(r^ dji Vi djh Zi ^£3 , . ,, 

dl r/ dt'^ r,' dt ^^r,' dt •■ ■' 
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The first term of this equation hecoming thus kaowD, the values of V, W, 
V, and Wf Eqs. (IT), may be computed to include the third powers of 
r and r', then the corresponding values of a^, b„ Oi, 6j, Oj, Sj, Eqs. (18)- 
Then, denoting by Aoi, Abi, Aoj, A6j, Adj, Ab, the diffei^nce between 
the first and second values of the quantities written after the symbol A, 
and observing a like notation for the other quantities, we have for computing 



the *irst con'ecljons to a^ y,, % 

four ii of Eqs. (25), 

A^ — TJ (Aoj — A«s) + -S" (Aa, 
A 5 = ^ (A 63 - A 6,) + (? (A 6, 

am QCn from Eqs. (26), 

AXs = Ap — Ag 



and -~ from the third and 



-A6,)J 



— AXs tan «! + A 


". 






— AiCa tan i^ + A 


s, 






= ^(^-^)- 


i^a+M 






= .--.„.,- 


- (A ,rs bin « 


+ Aa, 


-Ay,) 


= -^''-«.- 


- (A 3-j tan 0, 


+ AS,^ 


-A 2.) 



.(11) 



.(42) 



Oifferentiating equation (40), dividing by d t, and substituting for 

X, d'y, (Ps., , . , . . , ,, , 

---, -j^ , -fT' their values m equations (14), we have 

rf[= rs\dt^ ^ di^ ^ df dt' n} ^ ' 



with this value for - 



, iind n 



values for U. W. W, and W froi 



Eqs. 



(17) ; and for aj, fi„ Oj, ij, a,, 63 from Eqs. (18), by including the terms 
that were omitted before. Then with the difierences between these last 
values and the next preceding, form equations for the final corrections l^ 
writing A' for A in equations (41) and (42). Then the final values of the 
required quantities become 
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K, + A a;j + A^iCi + &c. =: X, 

■ 2a + A23 + A=3j + &c. = s; 



APPElfDIX X. 
GEOCENTKIC MOTION". 
By tte notation of tta text, p. 91, 

a cos ^ — - cos L = p . cos X, 
• " a sinl- smL = p . sin X; 

and by division, 

, ^ a sin i - sin i 
tan >, = —_ _ — J ■ 

differentiating, 

dX _ (amsl — cosZ}{amit.dl~QosZ.dZ)-i-(a^inl^sinZXa&laZ.dl—i\DldL) 

- K— n goa (J— Q] dl+ [ 1 — a coa (Z — ;)] rf.S 

But liy Kepler's 3d law, 

dZ : dl :: J : 1; 
whence 

whioli substituted above, and making 
F = - 



IS i - cos L' 

rf X= P' . [a' + J - {d + «=) cos (i - Z)] . t? / ; 
and making 

dX = m, and dl ■=^ n, 

we bave Eq. (124) of tlie text. 
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APPEE"DIX XI. 



OF ECLIPSES. 



Eclipses, io all the varieties of aspect whieh thej present to different places on 
the earth, form an entert^ning subject for disousaion; and, without considering 
the public interest generally escited by their prediction and appearance, the nse oC 
them, as a test of the degree of perfection of the lunar and solar tables, and in the 
determiufttion and corroboration of geographical positions, &e, renders their accu- 
rate calculation an object of some impoTtonce. The popularity of the phenomena 
naturally called the attention of aatronomers, at an earl; period, into the field of 
inveatigation, and several methods of ealoulntion hare been adopted by different 
authora at variona periods. 

For the general circumstances which take place on the earth, the plan of ortho- 
graphic projection, though it can only be recognized as affording good approxima- 
tions, seems to have predominated, and to ha^e been almost exclusively adopted 
in actual calculations. This method is explained in the astronomical treatises of 
Da ia iJinde and Delambre, and more recently by Hallaachka, in his Slletaettta 
Stlipsitan (Pragffi, 1818), where an example ia to be found at length. Various 
particulars are laid down in a more accurate manner in Sflmoires sitr CAsironomie 
Pratigve. Par M. J. Monteiro Da Rocha, traduits du Portugaia (Paris, 180S). 

The circumstances of an eclipse for a particular place are osnallj calculated by 
the "Method of the Nouagesimol," which refers fhe bodies to the ecliptic, and an 
example of which may be seen,in the work of Hallaachka above raenlJoned. This 
part of the subject has also been discussed analyticaUy by Lagrange, in the Aiiron. 
Jahrh-ach for ITS2-, and Professor Bessel has since made some important additions 
to the theory, in a paper inserted in the AstTo-nomische Nachrichten, vol. vii., M"o. 
151, which is to be found tranalated in the Philosophical Magazine, vol viii. 

As the nnmerous calculations which may be required for an eclij^e, such as of 
the maps, jic., given in the Nautical Almanac, could not be performed without 
many perplexing references to different authors, it has been preaamed that a com- 
plete and Bjatemfltic set of formulie would he generally acceptable ; and such a 
conviction has led to the drawing up of the following paper, which contains an 
extensive daasificatioD of useful remarks and formulae, developed and arranged 
with a careful view to their practical appllcatjon, and with the endeavor to estab- 
lish a direct and uniform mode of conducting each species of calculation. 
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LIMITS WHICH DETEEJnSE THE OCCUEBENCES OF EOLIl'SES. 



Moon's liorizontftl parallai 


1 grcafeot 

f last 


fll u 


Sun's horizontal parallax . . . . 


■ fkJ" 


9 


Moon's MmL-diaiiieter 


1 lea'it 


U i 


Sun'a scmi-diametor 


frr 


lb i, 
15 45 


Moon's hourly motion in longitude . 


f ieaat 


8t b5 
2" 47 




> gr itcBl 
f lea«t 


2 23 


Moon's hourly motion in latitude . 


}fr' 







) gr ale 1 
f least 


5° b 
4 61 "» 



For the ooearrence of an eclipse of the moon : 

1. The greatest possible distance of the eentcea of the moon and eavtli's shadow 
at the time of contact, ia 63' 29". 

2. At the time of true ecliptic conjunction of the moon and earth's shadow, or 
at the time of opposition or full moon, the greatest possible latitude of the moon is 
63' 46". 

S. At the time of opposition, or full moon, the greatest possible distance of the 
centre of the moon or of the earth's shadow from the ascending or descending node 
of the moon's orbit is 12' 24'. 

For the occuprenoa of an eclipse of the sun : 

1. The gi'catest possible distance of the centres of the sun and moon, at the time 
of contact, is 1° 34' 28''. 

2. At the time of true oonjunetion of the sun and moon, the greatest possible 
latitude of the moon is 1° S4' B2". 

3. At the time of true conjunction of the euu and moon, or the time of ucn* 
moon, the greatest possible distance of the centre of the sun or moon from one of 
the nodes of the moon's orbit is 1S° 36'. 

The thh-d of these limits applies to the true place of the node, which may differ 
eoDsiderahtj from the mean place. 

The most convanieiit and certain limits, however, will be those of the moon'a 
latitude (S), and will be as follows : 

1. At the time of full moon an eclipse of the moan will ho 
ccrtiiin ) „, J, ( < Bl' 67'' 

and doubtful between these limits. 
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For the doubtful cases, an eclipse will result when 

in which P, 1 denote the eqaa.tori[il horizontal parallax and semi-diameter of the 
moon, and x, u those o! the euq. 

2. At the tirne of new moon an eclipse of the sun will be 

'^'^'^ I when J5 J < 1=33' 15' 
impossible S ( > 1 34 52 

and doubtful between tliese limits. 

For tlie doubtful oases, an eclipse wlU happen when 
<(P— T)+„-]-s + 2a". 



If a straight line be drawn from the centre of the earth to any aasomed place, it 
■win be the radi\i3 of the earth for that place, and thia radius we shall designate By 
the letter p. This radius p, produced upward towards the heavens, will determiue 
what we sbal! call the central zenith, being that point which spherically deter- 
mines our true position in relntion to the centre of the earth. The apparent ze- 
nith, however, ia naturally determined by a line which is vertical to the observer, 
and therefore a normal to the spheroidal surface of the earth. The small angular 
deviation of thia normal from the radiua of the earth, or the angular distance be- 
tween the central ond apparent zeniths, is what astronomers call " the angle of 
the vertical ;" and, the earth being an oblate spheroid, it ia evident that the cen- 
tral zenith will be nearer to the ec[uatar than the apparent, and also that the hor- 
izontal parallax will always be less than that at the equator, in consequence of the 
dirainntion of the earth's radius in proceeding towards the poles. The effect of 
parallai on the position of a body above the horiaon is to augment its aenith dis- 
tance, and for this we have the well-known relatiou, 

" sin par. in zen. dist. = sin hor. par. X sin app. zen. dist." 
This relation will hold strictly for the epheroidal figure of the earth, provided we 
adopt the central zenith, and that horizontal parallax which appertains to the ra- 
dius p of the place of observation. 

Consider tlie equatorial semi-diameter of the earth as unity, and let y denote 
the polar semi-diameter, which, adopting the mean between La Lande and Delam- 
bre, will be . Let also I be the latitude of the central zenith, or what is uau- 

ally called the " geocentric latitude," and t' that of the apparent zenith, which may 
be termed the epheroidal or geogi'aphical latitude. Then the co-ordinates of this 
place, referred, in the plane of Its meridian, to the polar asis, will be 

By the generating ellipse 

and therefore for the angle I', which the normal mates with i/ or the tangent witli 

dy 1 E tan I 

.■, tan t = y''taal' (I) 



-d by Google 



APPENDIX SI. 335 

Again, tlie vnluea of x aiiJ y, Bubstitutca in tlie above equation of tlie ellipse, 

tnd heiico 

... (2) 



|/!!^ + .06' I \/l + 3-^ sin' I 



To (base may be added tlie followiag, wliieh are sometimes useful, and directly 
deilucibla from the equations (I), (3), 



f f tau- 1 Vl - e' 



-/l + / tan= i' 
cceuti-lcity of the ii 



The equations (I), (2) are convenient, and the latter miij be simply rcEolved by 
lognuthms, thus : 

.„,=.. Vi?l ,., 



tan {V ~l) = —^ Bin 2 x 

Here We may remark, that in reducing tlie geographical latitndo to the geooen- 
trie with the argument t , the auxiliaiy arc ^, being between the valueB of I and V, 
will be a very email quantity in defeat of the argument ; and that, on (he contrary, 
in reducing the geoeontrio to the goographioai latitude, the arc % will exceed the 
Bi'gument by nearly the same quantity. Therefore, it we assume % as an argU' 
DJeut for the difference V — l,s. table formed from the equation 

or V — l-=-{- — - — —\ ain 2:^,ia seoonda, 

will be equally adapted to both reductions, giving nearly the mean between them; 
and a table ao constructed, with the argument %, aigiiifying either latitude, will 
answer every necessary degi'ee of accuracy, since the reduction itself is so small. 
In numbers we have 



37 3XB0iX30a'' 
and liencc 

V - ; = [2.83031] 



igavitbm = *(.51C11 .-.log { '' ■-vt) =2.S30S4, 
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Thus the following table has been derived : 



Diff«re[ico between the Geographical and Geoecnt 


ic 




Latitudes. 






Argument; X' «'"'s'" Lalitiide. 




^ 


V^l 


X 


I'-i 


-t 


F-; 




c 


i5 -5 


5 39 


3o 6 


9 47 






16 74 


5 -9 


3i 59 


9 58 






17 73 


6 .9 


32 58 


10 9 


3 87 




18 7= 


6 3& 


33 57 


;: It 


4 86 


1 34 


19 71 


6 57 


34 5b 


5 85 


I 58 


20 70 


7 i5 


35 55 


10 37 


e 8i 




21 b9 


7 33 


30 54 


10 44 


7 83 


3 7 


3 r- 




37 53 
3S j2 


iQ 57 


9 8i 


3 29 






39 5, 


II 3 


10 80 


3 5a 


i5 0'; 


H 39 


«o 5o 




11 79 
IS 78 


4 11 


26 64 


& 54 


4i 49 




4 3t, 


27 03 


9 8 


42 48 




i3 77 


4 57 


28 6i 


9 ?2 


43 47 


II 16 


14 76 


5 18 


29 Or 


9 54 


4-i 4fi 




i5 75 




3o t,j 


9 47 


43 45 


II 17 



The difference ia to be aubtraeted from the geograpliioal, or added to the geo- 
centric latitude, whether it be north or south. 

It is evident from what has been aaid, page S34, that if Z denote the true dis- 
tance of tbe moon from t!ie central zenith as it would appear at the centre of the 
earth, and Z' Ihe apparent distance from the same zenitli. as seen from the place 
on the surface, where the radius of Ihe earth is p ; and furthermore, P the equato- 
rial horizonfal paralUs, and s ^ Z* — Z, the parallax in altitude, we shall have 

Eins = psmPsinZ' ' . (8) 



Suhstituting Z+ s in the place of Z', and dividing by c< 



which are the usual formulie for tlio parallax in altitude. 

For the radius p of the earth wo have log ■{/ — := i 

tan 4. ^[8.903435] sin (, 



,909435, and.-. bj(6) 



The values of p 



imputed are given in the annexed table. 
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Log. Radius of tli« Earth. 






Argumenli Geocenlrie La 


tud^ 




I 


I0.J, 


! 


^Sf 


I 


Wp 


; 


o.oooco 


3o 


9.99964 


60 


9-99893 








3i 


9 


99962 


61 


9 


9989. 








32 


9 


99960 


6j 


9 


99869 


3 






33 


9 


99958 


63 


9 


99B87 


4 • 


9 


99999 


34 


9 


99^55 


64 


9 


998H5 


5 
6 


9 
9 


99999 
99998 


35 
36 


9 
9 


99953 
99951 


65 
66 


9 
9 


99883 
??88. 




9 


99998 


3? 


9 


99948 


67 


9 


99879 


8 


9 


99997 


38 


9 


99946 






99877 


9 


9 


99997 


39 


9 


99943 


69 


9 


99876 




9 


99996 


4o 


9 


999'ii 


70 


9 


99874 




9 


99995 


4. 


9 


99938 




9 


9987a 




9 


99994 


4a 


9 


99936 




9 


99^7' 


i3 


9 


99593 


43 


9 


999 M 


73 


9 


99870 


i4 


9 


99995 


44 




99931 


74 


9 


9986B 


i5 


9 


99990 


45 


9 


999=9 


75 


9 


99-67 


i6 


9 


99900 
999B6 


46 


9 


99926 


76 


9 


99B66 


17 


9 


47 


9 


99924 




9 


99865 


iB 


9 


999S6 


48 


9 


99921 


78 


9 


99864 


19 


9 


99985 


i? 


9 


99919 
99916 


79 


9 


99863 




9 


99983 


5o 


9 




9 


^ 




9 


9998= 


5i 


9 


99914 


81 


9 






9 


99980 


52 


9 


9991 1 




9 


9986^ 


23 


9 


99978 


53 


9 


99909 


63 


9 


99859 


24 


9 


99976 


54 


9 


99907 


84 


9 


99859 


25 


9 


99974 


55 


9 


99904 


85 


9 


99858 


a6 


9 


99973 


56 


9 


99902 


86 


9 


99858 




9 


99971 


f' 


9 


99900 


87 


9 


99858 


j8 


9 


99968 


58 


9 


99897 




9 


99858 


29 


9 


99966 


59 


9 


99895 


89 


9 


99857 


3o 


9.99964 


60 


9.99B93 


90 


9.99B57 



WHICH 1 



1 FLACB ON THE BAKTH GSffEKALLY. 



The place oa the siirfiioe of the earth where the limha of the sun ami moon first 
appear in contact will be where the penumbra first touolicB tlie earth, and, cuosc- 
quently, at this place the upparent contact will be ixi ttie horizou, llie Jitli of the 
inoon being wliolly above the horizon, and that of the eun below it. The point of 
contact will be in the fame vertical with tlie two centres ; and, theruforii, the reiil 
as well as the apparent places will be in ihe same voctical circle ; and the lower 
liinb of the moon, being in the horizon, will be depressed by tho ivhoia amoont o( 
the horizontal parallax which belongs at thnt time to tlie ktitade of the p]a.i6 
Similarly, the place wliicli fii'st has acentrni eclipse will be where the straight III 



through the 

at this place the centres of both objects 

experieocing the whole effi;ct of the hurii 



intact with the 



»-W and 



ill t 






of tho 
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i will liave place wlifire tlie phenomena finallj quit tlie 

Since tlie apparent places of the sun and moon are so contiguous, and the par- 
hIIse of the sun so Email, it is evidant that tlie relative positions will be tlie same 
if we give to the moon the effect of the difference of the parallaxes P — t, and 
retain the sun in hia tnie position. This difference P — ir is therefore the relative 
parallax, or that irhich inSueucea the relative position of the bodies. If p be the 
radius t>f the earth for the place on Its surface, the parallax which ought to he 
nsed is p (P — •■). But ia the following inyestigations, where a place is genernllj 
the object of Jetermi nation, we cannot previously bo reduce this relatiTe parallax 
I' — v. In onier therefore to secure tlic chance of lenst deviation from the truth 
in this respect, we sliuU in these cases reduce the paralliix Id the first instance to 
a mean latitude of 45°, so that it will be [9.89929] {P — ir). We shall conse- 
quently, to simplify the analytical expressions, hei'eafter denote tliis quantity by 
the letter P' only ; except in one or two instance?, where the latitude of the place 
is known, and where it ia always distinctly specified to represent the paralkx 
properly reduced to that latitude, or /j (P — "). 



I. PllOES M 



Ph.^ses a 
B Eakth, 




Let the whole be refen-ed to the siii'- 
face of a sphere eoneentiie with tlie 
earth ; und let B be the relative orbit 
of tJie moon, which is generated by the 
differences of the motions in right as- 
ceesioa and decimation, or by the rela- 
tive motion of the moon ; JV the Dorth 
pole; iS the sun; Sit perpendicular to 
the relative orbit, the nearest approach 
which we denote hy n; C the point 
where the moon comes in conjunction in 

right aaoeosion, and CS the difference of declination at that time, which ive shall 
deuote by contraction, diff. dec. Let also MM' be the positions of the moon, wheu 
s {listaoce of the centres equal to a ' first appears on, and finally quits the earth ; 
Jf S = 3r iS = i , the corresponding true distimce as seen from tlie centre of tho 
t-arlli ; ZS tlie zeniths of these places oa the eai'th, which must be respecUvely 
in the continuations of SM, 8M, in order that the liill effect of parallax may be 
communicated in causing the bodies to approach. 

As the apparent iieaith distance of the points which experience the greatest 
effect must be 90", we may evidently assume ZS=:30'' ; for contact of either 
limb of the moon with the contiguous limb of the sun, we have accarately 
ZS = {m° — <r)+t,; for contact of either limb of the moon with the remote limb 
of the bhdZS = (90° — it) — (t; and for contact of the centres 2iS=90° — ». 
By making 28 = 90°, the phase wiE begin with sunrise and end with sunset; and 
it is oviilent that no sensible augmentation can affect the Eeini-diameter of the 
mooti so near the horizon. The true distance 8 M of the centres being A, and P' 
the relative horizontal parallax, the apparent distance A' will be P' ~ A ; and 
by estimating positive distaness from S towai'da M, in order to have the first oo- 
eurrenee of tho phase, it will be A - i" ; 

.-. A=P'+A'. 
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Here we maj notice three limiting aspoote, — 
(!) Wlien Bitnple or exterior contact of Jimlia first tntes pkoe, 

A' = ( + ,r,and A=P'+s+,. 
(a) When interior contact of limbs first takes place A' = a -^ ci when s > r, » 
total contact first eommeoees with i\' = a — o; wheat < a, an annular con 
tact first commences with A' = o — s. Therefore, 
If 3 > IT, a total eclipse first begins on the earOi, when 

!f s < o, an annular eclipse first begins on the earth, when 

(3) Wlien eontat;i of centres first takes place on the earth, 
A' = Oand A=P'. 
For the time of trne conjonction in right ascension, asanme 
D, the true declination of the moon ; 
n, the tins difference of right ascension, or D'e right ascension miitus 0'a 

right ascension, in spmx ; 
D„ the relative motion in deelination, or the motion of the moon in deelina- 

tiou, minus tliat of tJie snn, at that time ; 
ou the relativo motion in right nscenaion nt the same time ; 
1, the inclination of the relative orbit OR with a parallel of declination 

tliliough the point 0, or the angle OSn ; 
u, Uie angle onder tha distance and the line of nearest approach, or the angle 
MSn. Tliis angle is alwaja measured on the northern side of tha dis- 
tance, ao that when H falls below S, or when diff. dec. C S is negative, 
it will exceed BO". 
Then the relations of tho figure will give tiieae equations : 

tan. = — ^; « = (diff. dec.) EOS. (1) 

Hoarly motion in the orbit = -^, 



Foe the time of describing the arc « C, or the interval betmecn tho middle of 
the general eslipae and the time of conjunction, it must be divided bj the hourly 
motion in the orbit. Therefore, t denoting this interval. 



= (^). 



"" " bt^' 'iir I (8) 

itermined by combining the signs of diff. dec. and D, ; 
aofmiddle = tiineof d -; (3) 

eos™ = ^ (4) 

jlf™ = ntan.^ 
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Let r denote the semi-duration of tlie phase, or the time of d' 



Time of | ^^f |""'"^ [ — tnne of middle \ ,\r 



(3) 



Again, let, at the beginolug, the Z NSZ ^^ a, nnd for the ending, tin' 
Z NSZ=h; aniS,tJie8e angles beins estimated fiom if S towards the east, wi: 
eliail have 

o = (-,)-", i = (-.) + c. (6) 

and, the sun beias supposed iu the horizon, Za = 90°, Z' S= 90°, 



S NZ: 



zcosiVSZsi 
-.oi'iNSZ'ii 



NS. 



UnZN8 = 



tanJfSZ 

COS JVA ' 
t&nNSZ' 



ib6 latitude and hour angle /, h, relating to tlie first place, and I', h', to the last 
These hour angles are measured from the sun towards the east, so that the longi- 
tudes of the places ■will be determined by subtmcting respeotivelj from them the 
apparent Greenwich times of beginning and ending reduced into dpgrees and min- 
utes, observing that positive differences will indicate east longitudes and negative 
differences west longitudes. 

In the preceding formulie we must use, 

r Partial "I |- P' -f , -f ,, 

For beginning and Total i 

ending of a j Annular \ ^<^^<P^'^' 



tral J 



'=U; 



r + s 



ir. Risi 



3 I.imi3 



The places ZZ; thus found, are the two axtromc points of a series of places 
where, at the intermediate times, the same phase will appear in the horizon; and 
for the phase of external contact of limbs, the carves which these places assume 
form one of the prineipal geogrn]>liie«l litnits of the general eclipse. In the an- 
nexed diagram, let M be the place of the 



■ between the begin 



and ending of the partial eclipse. Make 
Sm=A', Mm = P\ and mZ=W°; 
then at the place Z the moon will appear 
at m, and have simple external contact 
with tba eun in the horizon. The two tii- 
angles Sm M, Sm' M, will give two aueh 
places at each instant, which, on consider- 
iog the passage of the pennnibra over the 
terrestrial dist, evidently oaght to be the 
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ense. S::ica Mm = P' and Svi = ii', the pofsibility of forming tlie triangles 
Sm M, a m' M, will depi>ncl on two oouilitions fut the Viilue of S M, via, 
SM<M.m-[-8m, SM> Mm-Sm. or a <P'+fl'nnd > P' - a', tbat 
is, A raiistba between the v nines i" — A' and P'4- A' : this leads to two epe- 
eies of curves. 

1. Whfn ihe nearest approach is yreaUr than P' — A'. 

Here the formation of the triangles SmM^Sm'M, will alwnys be possible dn- 
riiig tlio appearance of the phase on the earth. At the first appearance and final 
departure of the phase, S M= Mm + Sm, the triangle Sm Jf will be simply the 
line 1?^, and only one place Z will reanlt. By fating positions of Jf ob both fides 
of tlie middle point n, it will also appear that the relative posjtione of the places 
ZZ' become inToried, and that the curTes described by them must intevseet each 
other at some intermediate place. Hence it appears that the corve of risings and 
settings commencea with a ungla point, which immediafcly after divides itself into 
two points moving In opposite directions on the earth, and which describe two 
curves intersecting each other, and finally meeting again In a single point, the whole 
forming one continued curve, returning into itself, and assuming the figure ,of an 
8 much distorted. At the place where tiiey intersect, the phase will begin at aun 
rise and end at sunset, or it will begin at sunset and end at sunrise. 

2. When the nearest approach is leas than J" — A'. 

la this case the triangles SmM, Sm'M, will resolve into the line Si/ when 
A ^ -P' + A ' and also when A =P' — A ', each of which positjona wUl give only 
one place Z. Thus it appears that the points Z will form two distinct, oval, and 
isolated curves, the former curve being generated between the deereasing values 
A ^ P' + A ' and A ^= P' — A', and the latter between the increasing values 
A ^P'—a' and A =P' + A'. The leading point of the first oval and the 
terminating point of the Becond oval are the places where the phase begms and 
ends on the earth. The terminating 5Xiint of the first oval and the leading point 
of the EBOond oval are simply deterrolaed by using A = P' — A', and computing 
the same as for the beginning and ending of a phase on the earth. 

Lot us now turn our attention to the determination of the two places ZZ', at 
anytime, or for any position of M. Join ZS and draw Jf d perpendicular to 
JVS. 

We shall, thronghout our investigation, osnally denote Sdby (x), dMhy [y), 
and the Z dS Mhy S, this angle being estimated from SJV towards the east 

To determme these quantities, let the declination of the point d=' (_D), which 
will a little exceed that of M, and which is distinguished from it by being placed 
within a parenthesis ; then, supposing JV^ to be joined, tlie right-angled spherical 

(liangle jV"d JfwHl give tan {11)^ ■- Asa is always small, the difference of 

the declinations (D) — i) = tan-' — B mav bo arranged in a small table 

as annexed. 
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number of Beoonda given by tliis table, wbioh we have denoted by llie 
! corrT is to be applied bo as to inerense -D, wliather it be north or south, 
value of [S] being found by bo eorreetius D with tlib table, we slidl eri- 



s taken being determined by {x) and (>/) a: 
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We ehall afterwards hare frequent ocoaaion to nsa these qiinntities. 

If t denote the time from the mitldle of the general eclipse, tliey may bo deter- 
mined more easily, though less accurately, by means of the following formulte, 
ivhich may readily bo inferred from what hii5 preceded. 



^Le upper sign being for the time t before the middle, and the under sign 
lama time after the middle. 
Denote the / m MB by m. in the Iriangle m MS, whirh may, on aeci 
3, be considered as n plane one, iva also have Mm'^ P', Sirt 



andSM = 



.^^1) I 



Ab ZS,Zm maybe oonsidared as qnadrantal arcs, thej- will be parallel at 
the extremities S, M ; and tlius the /, Z8 M= Z mMS = t«. Therefore the 
Z N'SZ=:S ± m; and the sun being supposed in the horizon, the spherical tri- 
angle 2^S2 will have 2S= 90°, and hence the places Z, Z', will depend on the 
following formuiffl, in which Z is called the place advancing, and Z" tlie plaoo fol- 

Place f<,Uamn.j, 
sin ; = =os (S-,«) cos ^ tan k = -'^^- 



M adva: 



ian (S_+ m) 



(2) 



In these expressions the symbol .1 represents the declination of the eun at tiiH 
time for which we calculate ; but fot cuiiimoii purposes the value of i at the time 
of conjunction may be used in all cases. 

in. IfoaTHEatj AND SouTUEiis Liiiirs Eoa ANY Phase. 

The determination of the extreme latitudinal limits of a phase, or of the terrci 
trial lines whereon that phase will appuHr as the middle of the local eclipse, is iJie 
most complex aud unmanageable of all opi-ralions which relate to a general eclipse. 
For any given phase, at different places on tie eai'th, the moon must be so reduce.! 
by parallax as to touch a given concentric circle on the solar disk ; and if we ciin. 
aider this circle, by way of illustration, to ri-piesout, instead of the sun, the disk 
of the luminous body, the places on the earth which severally see tile given pliasu 
must be situated in the surface of tlia pennmbral or umbral oone, aucording us tiie 
interfering limb of the moon only approaches or projects over the oentru of the 
sua ; that is, .the places must all be found in the intervention of this cohs with tlie 
surface of the earth. This intersection will assume a complete or partial f.vui 
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fonn, according as tlie cone falls wholly or pnrtinlly on the earth's illuminated 
disk. When it falls only partially on the eai'tli, the estrem« points will evidently 
see tlie eim in tlie horizon, and lie tlici'efoi'e tiro points balouging to the horizon 
limits ; but in the other case the pliaae caunat at that inataiit be seen in the hori- 
ion. It is evident Uieo, that these two caaee have been already characterized ia 
tije discnsaion of the rising and setting limits. !Let us now suppose the bodies to 
assun^B eunaecutivo positions, answering to very small intervals of time, the earth 
also tnrning ronud ita aria, and we shall have a aeries of these ovals. It is ohvioua 
that the eitreme geogi'aphiea! limits of the phase will be represented by enrvea 
which envelops all these ovals; — that at each instant the place ofliinif, by reason 
of the compound of the motions, will be proceeding relatively in the direction ol 
the tangent to the oval ; — that there will be two of these limits when the oval 
beecmes entire during the oclipbe, hut only one when it is always partial This ia 
the moat popular and natnral idea that can bo formod of the nature of these limits ; 
and we may here remaik, as an inference fiom what has been said, tbat if the 
rising and setting linnits of any phase do not extend thro:;ghout the general partial 
eclipse, tiiere will be both a northern and southern limit to that phase ; but that, 
on the contrary, when the rising and setting limits continue tJitoughout the eclipse, 
there will be only one of these limits to the pha! 
difforenee of declination at conjunction is positi 
difference is negative. 

As before, let the system be referred to a 
sphere concentric with the earth, and let M be 
the place of the moon ; .^ Z", the zeniths of the 
places which are respectively in the northern 
and southern limits; and m, m', the cones- 
ponding apparent places of the moon. Draw 
the meridians JVm', NS, Mm, N Z, N Z',; 
also m T, m' r', and M h dh' pei'pendicular to 
JVS ; and assume S d=: (a:), i Jf = (y), HI /i = a^ 
h3I-=y,Sr=ii,w.T = v,Sm~A;Zm = Z, 
I NmZ=M, I mjf8 = a', declination of 
m = Z>', and the latitnde of Z = ?. Then the Z mS'Z = lt 
ir = m Jf cos M=F' aiii Zeos Jf and y — iji if sin M^^I" 
Bpharies resolve thus : 




=r [ait 

= (!/)-! 



Let na nov 
the system li 
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rate of 16° per hour, and the latitude I will by hypothesis remain unchanged; se 
that the following e<iuations will ensue: 

1^ = — i" sin V'^ [Bin ldnJ}' + C03 I co3 D' cog (/i — n') ] 

= ^ _ J=i ,to 1- (W _ ii) („. z ,., J. _ ,i„ z .i, 2). ,„ if ). 

Now, in order that m may be the appai'ent plnco of the moon at the middle of 
the eolipae, and consequently her tiearest apparent contiguity with the eun, we 
must hare 

Eefore we substitute the preceding values of ■- — , — , it may be observed, Ui 
avoid complexity, that the quantities i" sin V -J^' P' ^'^ ^" T7 '"'■7 be neg- 
lected as being very small compared irith F'. 16° sin 1", -— and -^'; also that 
e the purpose of liotli northern 



— = J". 15°^n P'siu JsiuZsinif- 



</(«) 



-r. 15°sinl"(co3ZcoflJ_sii 
and, for the condition of limit, 

4- „ r^) _ P'. 16° sin 1" (cos Z cos i — sin Z sin i cos M)] =: o; 
Instead of S" sin Z cos M put (i) + ii. and for F' slu Z sin M put (y) — v, and 

( ^ 



-dbyGoogle 



345 SPIIEKIOAL ASTRONOMY. " 

Bnt, if o, denote tlie true relative motion in right aseension, and B, the ti 
relatiTB molioa in decliuation, and IJ the declination of tho moou, at tlie time 
true oonjuaction, 

di dt 

« r D, ~\ II I u, COS iJ -J 

Make DOW the following aasumjitions : 

(^)^rT^^^^ = [0-68304] ./I cos i) 1 

' y ( 

(B)-(y).in^ 

(3) 



P' eoai 
in wliich (A), {B) niaj be used as constant quantities throiigliout the eclipse, and 



Tlie angle r 8m ia eqnal to the inclination of the apparent relative orbit with the 
parallel of declination; denote it bj i\ and then u^= a' eo3 i', « = a' ein i', and 

...„Z = »=^^ (4, 

■which h a concise form of the condition to be fulfilled by Z and .', in order that 
the place Z may be situated in tho limit ot a phase. 

Since Ih^ Z M8d = S, and the I M S m = i&O" — (S + ''), I MSm- = 
S -{- '', we have for the triangle MS m 

Mm^ = a' + a" ± e A &' cos (S + .'). 
Divide this by P" and we get 

.ta'i!=^J;^t^±-iA_^' ™(S + .') (s) 

for the geometrical relation between S and i', the upper sign applying to the 
northern, and the uniler sign to the fonthorn limit. Add this to the square of the 
preceding ecjutttion (4), and there results 

'' "'.£7'' ± '-^J'i- "' ''+''' + ^T,— = !...(«) 
for the deterrainatioa of the angle 1'. 

The solntion of this equaUon is by no means very practicable ; but as a small 
error in the value of Z will not sensibly nffect tlie angle 1', we may have recourse 
to the following indirect process, ia whicli we first consider the angle i' to be 
equal to r, which in most instances is very neai-ly so. The letter JIf designates the 
the angle Mmh. 
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(D)== J) + (.-.■)..„■, I (. 

, = (.-.') to. (J)) ■ » = (i))-.0' 

the npper aigiia Ijeing foe the noi'tliem, and tlie ander signs for tlis aoufhern lim 






The Mgn of the constauta ^, F. are the same as tlmt of !i ± A' ; fl!id -when tJiis ia 
negative, tlia angle J will h« in the second quadrant. 

Thfl value of Z detetmined in this manner will be snffioiently approximatB for 
the purposes of a general map ; and where greater roinutenesi is wanted, it will 
serve very well to get the angle i' from the ec[iiation (4). For thia we have 



After '' is so found, which is only wanted roughly, tli 

may he tested by the equation (4); and then we ma 

tafion of MZ, by the equations (7). only using i' instead of 

have in the aphorieal triangle ZmN, ZM=:Z,Nm = W' ~J)', : 

Zm N^M; and t v spherioa the following formuliB; 



Ji <" 

icy of the ealculalion 
We shall thne 



i tlio 



check 



»(»+2)') 



.n(« + i)').o=(J-.) 



-.')« 



For a map the equationa (8) and (10) will alone be amply sufficient. In fact, 
where a very accurate calculation is wanted, the most satisfactory method will 
consist in first computing the places roughly; then to reduce tiie horizontal paral- 
lax to the latitude by means of tLe radius p, from the table at page 337, and with 
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the use of the valua of Z, to find the augmentBd semi-diameter of ths moon by 
mentis of the table at puge 360, and thanoe tlie proper value of A ', and thon to 
follow the ecluations (3), (9), (4), (>(), (10). , 

The first and last points of these liraita will have Z = 90°. For these places we 
have therefore bj (S) 

P''=A'+A-±2 A A'«os(8+.0- 

H we SMnma '' = i, we shall obviously hnve S + i' = S + , — ^„ ami 
A COS (S + i') := B, M baiug the angle imder the dietoaee A and the noureHt ap- 
pf oOiCh «, Bs before used. 

= A'— ■ + (a'±.r. 
Consequently 

A=sm'^=A=-"'^ = P''-(«± AT, 

which divided by a' cos" u = »', gives 



Therefore by taking the constant c nsoii in tho coniputa.tion of tiic ln^fjimiing 
and ending of a phase on the earth, we shall have 

semi-duration =; c tan (u = - -J F''' — (h ± A 'f, 

which may be arranged for caJculation as follows; 

^' ' " r ■ ■ ^"' 

Time of ] ™^''*'"''« \ = time of middle j ~ [ sami-dm^atioo. 

The plaoea of entrance and departure of the limits, by continuing the assump- 
tion •' ^ ', may be hence calculated as foi' the beginning and ending of a, phase 
only usiog S ^ !i instead of i, thus : 

Far place of entratme, 



sill D'' 
For place of departure, 

Having assumed i' = i, ths times and plaeea so computed will only be approsi- 
mate, though sufficiently near for general purpnaes. For an accurate calculation, 
we must first determine tlie true value of i'. Since Z = 90", the equations (9) 
give i' ^= r, which is also shown by (4). We may, therefore, with the quantities 
taken out for the respective times of entrance and departure, proceed with the 
equations {0), (S). use v instead of i in (7), and then the final results will be deter- 
mined by (10). It ought, however, to be observed, that it will be advisable to 
take Uie time of entrance in excess to the nent higher integral minute, and to re- 
ject fractions of a minute in the time of departure ; since by fixing on a time a 
trifle without the actual limits, the value of sin Z would come out greater tiian 
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unity, and the calculation rendered useless in oonaequence. The plnoes so compu- 
ted will be accurately atuated in the limiting lines, and tliough not Etrictlj iho 
first and lost points uf theae lines, they will be very nearly so, 

IV. DETKHMlNnTIOI 



We bave eeeii (page StI) that when the rising and setting liaes of a ph:isi; ex- 
tend throvighout the eclipse, they will compose tlie figure of an 8 much distorted. 
The point of intersection or nodus is a place where the phaa6*will be seen to begin 
and end in t!is horizon ; that is, it will either commenoe at sunrise and t^nd at 
sunaet, or commence at sunset and end at Bunriae. At the time of the middle of 
the edipso, tho sun will therefore be very nearly on the meridian : if diff. dec and 
i are of (lie same eign, it will be midnight, because the pole of the earth will have 
the zenith snd sun on opposite sides of it ; but when those values are of different 
Mgns, it will be noon at the place, for then tJie zenith and snn will be both on the 
same Mde of the pole. IE r denote the semi-duration of tbe eclipse, which begins 

and ends with tbe given phase, t -j- will express tiie semi-Jiucnal arc of the 

sun; and ,'. ■ — ^ tan ! tan i = cos ( r -y- ) ;:^ cos {r . 15°), which being jiesirlj 
unity, wo must have t -^ S or Z uoarlj ^: 90". Consequently for the values of 
«, V, -y-, -p-, at the time of tho middle of the eclipse, which will be cither noon 
ae midnight, we may assume sin Z-=uniUj, and J/r^o° or 180°. So we get, 
from the equations (1) and (2). page 344-5, 

« = -(■) ± -P', • = w. 

^;=_ia, fi=i»±i...i5-.i.i-.i,u. 

dl dt dt dt 

Let (1 denote the hourly motion on the apparent relative orbit, and i' the inoli , 
nation with a parallel of declination ; then 



^cc3i' = ..iC03i)±[9,'il'!96] J"sini ( ' 
Tlie condition for the greatest phase is j.-^ + !J -^=^0, or wsin .' 

[-W±-P']sin,'-{y)eos.' = 0. 
If ( denote the interval past the time of the true conjunction, we 
(.r) = diff. dec. + Ji), and{j)=(aiC03i); 
.-, [~m. doc. ± P-\ sin .'— t [D, sin <' + »i coa D cos T 

„,.,„.. .. = (^v)--»— (;It)»-. 

[_ dif, d.c ± P'] .in .' _ I - A OJ. (,' ~ ,) = 0. 
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t = , or t in sccoiuU = [3,55630] - — ~ (3) 

When diff. dee, is negative, Jlf= 180°, and the lower sign of I" must be used ; 
or, B9 a general rule. P" must be used with the same sign as thnt of dif£ deo., and, 
since I neai'ly = 90° ~ i, we can previously correct the horizontftl pai'ollax for the 
place by reducing it to a latitude equal to the complement of ^. The value of i be- 
ing fomid, tvs sbatl have at the place 

when diff, dec. and i have 4 J. ~, !■ signs, app. time of true d ;= 1 ,. (■ — f (4) 

wliioli eonipared ivith the Greenwich apparent lime of the true conjniiction will 
ehovr the longitude of the place. 
For the values of « and a we have 



Let li' be the nearest apparent appraaeh of the eentras ; and the 
T will be detarniined by the equations 



and thence the latitude by the equation. 
Or, using the ahove value of v, 



■'f=± ' ' (5) 



A' 
the latitude being of the same name aa diff. dee. 

The middle of the eclipse will not have the sun in tlie 1 onzon ei ept I s =^^ 
]■ = 0, / ^ 00° ~ i, and therefore, unless these part onlar i alues sho Id hippen 
the place wiU not range esaeily in the line whereon the m ddle of tl e echi se is 
aeeu at sunrise or sunset; this line, which we are abont to not oe T,dl ptm the 
intersection at a higher latitude, and will form a \ rv small tmn le n ti the 
rising and setting limits. 



In the first place, wa shall suppose the inclination of the apparent orbit to be 
the same as that of the true. The condition for the middle of the eclipse will then 
be simply to have the apparent place of the moon somewhere on the hue of near- 
est approach. 

On both sides of S take S m = 5 ira' = s -f i, and m, m' will be the limits be- 
tween which fhe apparent place must he. in order that an ealipse may result. On 
the orbit make JT m' = P': Then if m' falls between S and n, this will be the 
first position in which the eclipse can take place. But, if m' falls beyond the 
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point ir, the first poatioQ of tha m 
will be at Jf, where Mn = P'; and 
in this case, for each position between - 
M and M' there will evidently be a 
position of m' on both sides of tbe or- 
bit, and conaequently two correspond- 
ing places on tbe earth; when tbe 
moon ai-rivas at M' the remote point m' will be receding from 8, and will at that 
IJme get bojond the limit of an eclipse, so that the other point m' only will pro- 
dace an eclipse under the assigned conditions. 

Again, when in it is greater than P", it is eyiSeat that these hmits will continue 
throughout the whole dnration of JiTM' ox MM. When m a is less than P', bj 
maliing <M M" = P' the limits for an eclipse will end at the point M", and it will 
be impossible thronghout the duration oi M' M". These two coses are the same 
as those distinguished in the rising and setting limits, page 340, i + a being the 
value of a'. 

To detecmina the times between which these phases are possible, or tlie eeroi- 
duratione answering to the positions M, M, M", wb shall in each instance denote 
the angle Mm n bj the nharactei- a,, and the following equatSma will be readily 
deduced. 

(1) When n < P' _ (s + „), 



= (^)" 



u>i > 90° when diff. dec. is negative. 

These serai-durations will give two times of beginning and eiiding ; the one an- 
swering to the point Jfand the other to the point M". Tho middle of an eclipse 
in the horizon will take place from the first beginning to the second beginning, 
and from tho second ending to the first ending. 

Tlie places will be determined by producing m Jf to a distance of 90° from m.| 
If a great circle be drawn through S, so as to be at this point parallel to m M, it 
will evidently intersect the former at a distance of 90" and determine the same 
place. We shall therefore, in supposing the places to be determined in this man- 
ner, have the following formulfo ; 

Fu'st piace of beginning, ruj^^go", 1 

h must be taken in tha 2d eemioircle, or between 0° and — 130° J 

First place of ending, 
Chiinge the name of the latitude of the place of beginning, and to the hour angle h 
apply ± 180°. The results will determine the place of ending. 

Second place of beginning, T 



Second place of ending, 
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The secQiiiI places of beginning and ending will be two of the estreme points of 
the lines traced on tiie earth. The other two estromea may bs datBriniiied bj 

computing COB Bi = ^ ^— — , and proceeding as before, obaeryiag thai n must 

be considered posiljve, ond u > 90° when diff. dec. is poiiiim. These four extreme 
paints are tiie same ns those of the northern and southern limits, the phuse being 
wrap] J esterual contacf. 



2) When n > P' — (s + ») and < s + a, 
The places will be deter iiiiiiable tlirot 
durnlion found as above. 



n must here be considered a 



luut the whole of the firs 



,(^.... 



The pbaae will continue throughout the whole duration, and the cs- 
treme places maj be computed from this value of u according 
to the equttUons (8), 



t denoting tlie time from the middle, 

u > 90° when dif£ dec is liegaliue, 
and the places by the equations (S), 
If « < s + IT, suppose « to be positive, and compute 

Than for timo' without the limits of this duration, wo may determine four 
places two wthiii<JU adt utithm^S) vhieh will all fulfil the necessaiy 
cond t ont 

TTiaproeeln„ results 1 ve been 3 r red n the assumption of i' = i. Thej 
wjU be EufB e tly spp nx mate f a g n ral d awing of the liues on a map, and 
more pa t cularlj as these phenomena cannot be subject to minute observation. 
When howe e f om locnl o cum t e s or oth wise, greater aoouracy is wanted, 
we must u e tl a ] p vil c of 1 the rel t ve horizontal parallax redaeed 

tothelaltnl 1! us dot rm d S ceZ = 90 the condition for tie middle of 
the ed pse a oo d ta the eq to (1) pa e S46 s i' — » = or i' = *. Let the 
fig ra at [ age 344 p se t the pos ^ns \ ch a iswer to the partiiiulai'a of the 
present ease Tl n a «" =M = P" the ^ Mm in' = I 31 m' m. Denote 
thisanijle ly fl tl ^,1 s Y M^ J/b 1/" F ; and we shall have 



j:\ 8= 



ZA 



:130°- 



IMSm — U 
ZSMin = 3 



Z 3fSm' 
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With the triangles MSm, MSm', wa iieDoe find 



Trhioli, for computation, may be thus arranged' 



r 


Bin 9 = J. a; 




o be + or — but les 


tlian 90- ; 




Bin (S + V - 9) 


M = 0-v 




sin (S 4- V + fl) 


M'^ilSO- 


-B) 



The points m, m', may in some cases be both on the sanie side of S, and the 
ralae. of Sm is only neeesenry to indicate wliether any portion of the sun U 
eclipsed or not. To have an eolipse, Sm, taken as a positive quantity, must be 
less than s + o, and we must only determine a place fiom the angle M when tlie 
carresponding lalue of S »i is ^rithin this limit. It Sm, S m\ taken as positive 
quantities, ate both greater than a + c, the piiddle of an eclipse cannot be Been 
on the eai'th under the assumed conditions ; on tbe contrary, it 8 m, 8 m' &o taken 
ate both less than s + r, the angles M, M' may both be Used, and consequently two 
places will be determined. In each cage, similarly to (S), we adopt the formulm 



in; = 



Ian A = - 



(1) 



VI, Centhai. Line. 

The places which in evioeession see a central eclipse 
by prodaoing 8M to a distance Z from 8, so that 

•"'=? ■ • • 

for then the relative parallax P' will brmg the centres 
termine the position of the place on the earth for any |j 
triangle JVSZ, thus formed, 1^8 = ^ — 1. /.NSZ: 
the following formuliE: 



]0 a coincidence. To de- 
I'en time, we have in the 
= 5, S Z=^ Z, and hcnc9 



e to be + 01- — and less than 90° ; 
k to be in the same semicircle with S; 

;^ +T) ^ cos h COS I 



check . 



In the OOHIEC of the general central eclipae, one of the places on the earth will 
have the central etlipBe at noon. At this instant the bodies will obviously have 
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true la well as apparent conjuiiotion in riglit aaeensioa, and ,'. a ^diff. dec. atid 
S = 0. This place ia hecoe determioed thus : 

- mz= ";'~ , l=l + Z, 1 

Z to hsTB the Eame sign ob diff. dec. 
App. time of true (5 = weat long, of place, 

Theae f quationa (1), (2), (3), involTe the horizontal parallax F', answering to a 
mean latitude of 4u°, whiah will be Bufficiently near for ordinarj purposes. Where 
an accurate result is wanted, the calculation must be repeated with the use of the 
equotopial relative piirnllax properly reduced to the latitude flins detoi-mined. 

The first and last places on the earth which see a central eclipse, are to be 
found bj the formuUe at pages 888-40. 

The preceding diaeusaions oocipriBe all that is ceoeBsary for the calculation of 
the lines whicli ere ehown in the uiapa now inserted in the Ifautical Almanac, and 
whioh ave quite aufBcient to indicate the general cbBracter of the eclipse tliat maj 
be expected for any particular place. We might now prooeed to show the appli- 
cation of theae eq^uations in the resoluljan of iimnmerable otLer curious and in- 
teresting problems; but such a field of apeoulation would not conform with the 
object of Ihia paper, and may the mora willingly be abandoned on the considera- 
tion that the means ot solution may, in moat caaea, be readily elicited fi'om the 
equations already establiahed. The following ekssificntion of theae equations will 
lie found to esbibit, in a comprehensive form, all that will be requisite to direct 
and fiicilitate the operations of the calculator, and relieve the mind from any na- 
neceaaary reference or consideration. 

NoTA'nos. 

S = tlie p 's true declination ; 
i = the O'a true declination; 
fl = the true difference of right a; 
or J) 's right aacens 
III r^ the B 'a relative motion in declination, 

ov D's motion in declination — ©'a motion in declination, 

or the motion of the B — that of the Q ; 
Tliff. dec, = the true difference of declination at 6 in right ascenaion, 
viz., !) 'a declination — 0's declinatjon, at that time ; 
JP ^ the B 's eqnatorial horizontal parallax ; 
»= the 0'a equatorial horizontal porallas; 
P" = [S.99929] (P - i); 
s ^ the K 'a true semi-diameter ; 
i = the O's trne aemi-diamcter; 
A ^ tbe true dbtance of the centres; 
D', "',«', a', the apparent Taluea of D, a, 1, A; 

a ^ the angle under A and n: in all cases thia angle is to be taken pon- 
itjvely, and between 0° and 180°. 
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I, BEGINNING AND ENDING OF A PHASE ON THE EiETH. 

(3, i), fliidn, at d); 
tim( — ^; n — diff. dec. Xoosi; 

1 ofthesamesignaa J), ; 



.0 te found by combining tlio preceding values of cob i and ti 
sign of i to be determined by diff. dec. x -Oi. 



8. Time of middle = tim 

f partial " 
Wf,^ J central 1 „ .. ^. . 
^^ i total f ^°''P'^' ^ 

[annular J 


eof d-i; 

(!" + > + '. 
J", 
~ 1 P' + e-', 


C03. = ^; 


. = «ta... 


^^-«MS'"1-'^- 


.f.Mdlcj;[. 


4. Place of beginning, (^ at d ) ; 




BiDi:=C09aG0aJ; 


*^"^=-Sl 


JZ' = appareat Sreenwioli ti 
longitnde east ==/ 


meofbeginnrng; 
circle -with a. 



//= apparent Greenwich time of ending; 

longitude east ^h — H; 

ft to be in the same eemicirole with b. 

6. For more accurate ealonlntions, reduce the true relative horizontal parallax 
D7 means of the table at p. 337, to the latitudes so determined, and recompute. 



n,— RISING AND SETIING LINE9. 
Por partial eclipse, A ' = s + ff. 

7. Wlien m > P* - A'. 

These limits will extend throughout tlie entire dnfation of the general eclipse, 
and form the iistorted figure of an 8, the first and last poiatB being the places of 
beginning and ending on the earth. 
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8. ■WTieiin<i"- A'. 

With P' — ii', instead of a', compute as for the timea of beginning and ending 
on the earth J aud let tlieaa times be (i, (s. Then 

the ^inga j ^if" | at j Pj'^^^ besmning; 
in wbich interval tlifl first oval will ba oomplated ! 

in which interval tbe second oval will be oorapleted. 

The limiting places at the times d, (i, are to be found in tbe same raanner oa 
the places of beginning aad ending of a phase on the earth. 

fl. Pkoea for any times within the limits : 

i" — A' F' + A' 
Prepare the constants, p ^ ;; , j ^^ — ■, 

find let t bfl the time from the middle of the general eclipse ; 



S = (-.)T.. 



-/^ 



.) (,-i) 



— to be less than SO'-and positive 
IS. Place following, 



H= apparent Greenwich time ; 
loLgilude east^A— H; 
) be in tlie same semicircle with S~m. 



IS. Place advancing, 



14. For a more aeonrate detormlnation, find tlie values of S, i, a for tho gi 
time^ aad i" = p (P — :r) for the latitude ; thence 

{D) = B + (a corr. from table, p. 343) ; 
(•) = (D)»(; (,) = .eo.(i)), 

.,«-!») A--M_- M.. 

""-I,.)- '■ «oil ».«■ 
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.„_^/(F?Fl) 

Bin ^~y J" . A 

The quadract of S to be determined bj {x), {y), as co-ordinates. 
With these yalues of £, i^ cocopute the places bj Noa. 12 and 13. 



HI. l-IAOE ■WHERE THE EISING AHD SKTrlNG LIMITS INTEE9EOr, 
When B > P' — A '. 

16 Find I" = t>{P-~' it), for a latitude equal to the complement of i at 6- 
pBin.' = i)„ 
P cos ■' = a, cos i) ± [9.41196] P' ein i, 



I signs, app. time oftrnad=j ^^ J -^ 



When diff. dec. and I htiye \ 

which, compared with the Greenwich apparent tima of the trao <J, will detenaino 
the longitude of the pl[ice. 



IV. PLACES WHERE THE MIDDLE OF THE ECLITSK IS SEEN WITH 
SUN IN THE HOEIZON. 

18, When n < P' — (s + o), compute 

n = — , CO. ... _ — ;pr~-, r, _ {^-^) sin .. ; 

using s 4- " with a sign the same aa that of n. 

Theae semi-duraUons give two times of beginning and ending ; the phi 
will take place on the earth between the times of beginning and between the 
of ending. 
■ The placflfl of first and last appearance on the earth to be determied thus : 

Par first appearance. 
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For laat appaai'ance, olmuge tlie name of tlie latitude of tlic former place, and 
to tba hour angle ft apply ± 180°. 
For the extcema points compute aiao 

!'■ ' '^ \ «, } '• 

nsing s 4- ff with a sign contrary to thai of n. 

Then "witli tlie values of uj, uj, proccotl as fur tho bagiuuicg and ending of a 
phase on tlie earth. 

When difE dec. is +, j |;|' [ gi^ea points meeting ] °p"t^™° \ limit. 
When diff. dec. ii 
The eclipaa will be visible on both sides of tlie eijuator. 

19. Wiien™>P'-(s + o)aiid < s + t, compute 



The phenomenon ■will continue tliroughout the whole of the duration so fonnd. 
The two extreme points will be determined as above with the angle 013. 
The places of first and last appcnranco also as above. 

20. When n > ! + "■, compute loa, i-j, as above. 

The phenomenon will continue throughout the whole duration, and tlie extreme 
places will bo determioad bj proceeding with this vnlno of tu as for tlie beginning 
and ending of a phase, 

IlieBB places will in this case be also those ol first and last appearance. 



21. Places for any lime within the limits ; 

Let ! be fha time from the middle, and compute 



...=(^)., 



If » < s + 0-, fliis u may be taten both gi'tater and less than 90° whea ( is 
greater than t, before found ; and then four plnccs will be determined. In all 
other cases whatever w must be > 90" when dilT. dec. is negative. 

Tlie places to be determined by proceeding with u as foi- the beginning and end- 
ing of a phase, 

32. For a more accurate determination at any time : 

Find J" = p ( P — f) for the latitude before foa&J. 
Find (a), {ji), S, and A, as in ISTo. 14. 
For the time of d form the constants 

{A) = [0.5S20-1] =, cos D, {B) = [0,5S20i] P,. 

Compote V fram tha equations, 

,„ W * M -in i ,. (J)-(y ).hJ 
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.9 if cos J, tmh = - 



If t, k', be Loth lees tiian s + i, the angles M, M', may be both used in these 
equHtions, imd two places det^rtnined. If one of ihe quaatitiea k, k', be greater 
thaa J + o, the oon'esponding JIT will be esoluded, and only one place determined 
with the other value. If n, a', be both greater than s + o, botli oomputatious 
will be excluded, and the asBumod time will ba without the limits of the appear- 
ance on the earth. 

V. NOETHEliM AND aOUTUEEN LIlIITa FOE ANY PHABK. 
fPartinl 1 f(a + 6") + ir, 

For J Total \ appearance, A' = J (s + 6") — r, 
(Anmilar) ( „ — (s + 8"). 

6" is added as a mean axigmentation of s. 

26. When n < P' — A ' both limits will have place. 

When a > P' — a' only one limit will liave place, vit: 

, I Northern ! ,- -^ , - ( — , 

A-J c (1. [-limit when nis-j ' 

( Southern J ( -f . 

28. First and last points or places of entrance aud depavtore ; 

_p ' V » / 

"PP"'' i t\„n fof ! """ftl"^™ (.limit 
under ) - \ southern J 

Time of \ 'f'^'^"^^ \ =, timB of middle ■{"(■'■■ 
I departure S i. + ) 

Places of entrance and departure datermined as in Nos. 4 and 6, for the begin- 
ning and ending of a phase, using a =^ ( — i) — w aad i = ( — i) -H w. 

For tho appearance of external contact these determinationa ai'e included iu 
No. 18, and therefore nued not ba tapeated for these limits. 

2l. Places for any times within the limits : 

Prepare the following 'oonstaiits. using & ai ^, 
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i. Let I be the time from the middle of the general ccligaa, 

^^11 1 8igQ for I l^l^^^ I the middle. 



-'} = 



.n{6 + J)')co,{h~..-). 



■ ■ ■ cos {a + I)') =o,(ft-.')c<,8;' 
< 00°, and same sign as cos M; and A — o' to be in tbe same semicircle with M, 



Find P' = () (P — n) for the lutitude before found. 
Also, -with Z find the augmented semi-diametev s'=:s + augmentation, from 
ttie taljle annesed. 







Augment ition 


1 (lid I> 


bemil 


am ter 










A^nmt 


T-aeZentltUi^a 


eZ 






z 


FotP 


Vai for 


Z 


Fo P 


Vir for 




1 tI 


Viir. fw 


= 54- 


inP 


= J^ 


nP 






in P. 


; 


i4-o 


5 7 


3o 


.= , 


n 


60 


5 9 


2 9 




14 





5 7 


3i 




61 


6 7 




3 




14 





5 7 


32 


II 9 


4 8 


(12 


05 






3 


14 




5 7 


33 




4 7 


63 


6 2 




6 


4 


14 




5 7 


34 




4 7 


64 






5 


5 


i3 


9 


5 7 


35 


u 5 


4 7 


65 


5 8 




4 


6 
7 


i3 
i3 


9 


5 7 
5 7 


3S 
37 


II 3 


4 6 
4 e. 


66 
67 


5 b 
5 4 




3 


8 


i3 


57 






4 5 


68 


5 2 






9 


i3 




5 7 


39 




4 4 


69 


49 








i3 




5 6 


40 




4 4 


71 






1 




i3 


7 


5 6 




10 5 


4 3 










i3 


7 


■; 6 




!0 3 


4 3 




4 2 






i3 


i3 


6 


5 6 








73 


4 




6 


i4 
i5 


i3 
i3 


6 
5 


5 5 


45 


98 


4 I 


74 


3 8 

5 




5 
4 


i6 


i3 
i3 
i3 


4 
4 
3 


5 5 
5 4 
5 4 


46 


H 


4 
3 9 


^8 


3 3 
3 I 

3 & 




3 


■ '9 
a3 


i3 
t3 

j3 


^ 


5 4 

5 3 

5 3 


49 

33 


9 » 

i? 

& 4 


3 a 

3 7 
3 () 
3 5 
3 4 


79 

Si 
82 
8) 


^ 9 





i 


25 


\l 


6 
5 
4 


5 3 
5 2 
5 [ 

5 I 


'^4 
55 
56 
57 


7 8 
7 5 


3 3 
3 2 
3 % 
3 I 


8. 
85 
86 
87 


' 4 





6 
5 
4 
3 


38 

59 


12 


3 


5 
4 9 


58 
) 


■7 3 


3 I 
3 


89 


5 


" 


J 


3o 


,2.1 


4 9 




" 9 


' 


9 


00 


..0 1 
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ThsD, f Partial ) ra'4- ', 

For ■] Total I phase, a ' = J s' - =, 

(Annular) (^a — 3' 

SI. For the time of o foi'Jn the oonetants, 

(A) = [0.B8204] =1 cos J), (B) = [0.58204] Z>,. 

Find the Tallies of S, 6, a, fur the given time. 

(D) = 3 + (a corr. from table, page 342). 

{l)==(i>)~i, (y)^=C03{Z)), 

Aeinv 



J"cosi 



1. (Z from the fitst computation), 






I" COS M P' eia Jf ' 



\ nndep } ''§"= ''"^ j Zlilci" [ ""■"• 

Vr, CENTRAL LINE. 

33. The compntation of the limiting times and places is compreli ended nndw 
the heaa, " BegiuiiLng and Ending of a Phase on the Earth." 

S4, Places for any times within the limits ; 

( = the time fi-om the middle. 



« = (_,) T.; 



(I .1 i). 



tan ; = tan (9 + J) 003 A, 
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GOB (a + J) COB A cos r 
gu as C09 S, avt'i lesa than 9i 
smioipcle with S, 



fttid proceed ngaia witli thesi 



Q at any Ume, find F', 8. A, a 



38. Plaee where tbe eclipse will be central al 
. , di£E dea 



Apparent Greenwich time of true <i = longitude W. 
Z < 90° and same sign as diff, dec. 

S9. For a more accurate determination, find the horizontal parallax for the lati' 
tude, and with it repent the operation. 

[All latitudes in the preceding formula are to be recognized as geocentric, and 
will therefore need reducing by the table at page 3S6.] 



Mfawiples. 
For an elucidation of the practical appiication of tlie preceding formulae, we shall 
take the solar eclipse of May 15, 1836. At the thne of new moon, yiz. 2' 7'"-o, 
the moon's latitude ^ is a5' 43'', which being less than i" sS' 17'', the eclipse is 
certain. (See tbe limits at page 83S.) Tlie elements of this eclipse, as related to 
the equator, aca 

Greenwich mean time of d in R. A. . 

D'a declination 

©■a declination 

J '9 hourly motion In R, A 
©'s hourly motion in K. A. , . . 
D's hourly motion in declination . 
O's hourly motion in declination . 
ll '3 equatorial horizontal parnllajc 
©'s equatorial horizontal parallax 

D 'b true semi-diameter 

0's true semi-diameter 

from which we prepare the following values ; 



=7 40 
54 24 



i5 


19 


s5 


M 


.a 


67 M 
3o 8 




N. 


95a 




JS 


35 

54 53 

8 

1449 

15 49 



B 's dec . . 
©'s dec. . . 


+ 19 a5 10 

+ .8 57 39 




11 M. in R. A. . 
H, M.inKA. . 


Diff. dec. . . 


+ =7 " 






B'sH. M, indcc 

©'s H, M. in dec 

Dt . 


■ + 9 59 

. + 35 

. + 9=4 


0' 
Re 


eq. iior. par. . 
i" . . . . 



3-51555 
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r. BEGINNINO AM) 


KNDING 


N THE EAETH. 


i>i + 9' s4" . 

Bl 27 4o . 


. . 3 


75128 (I) 


i)+ 19° .5'.! 

. + 19 rf9 1 

diff. dee. + 27' 11" . 

n + =5 34 . 


oa . . 9 
an . . 9 
^s . . 9 
. . . 3 
. . . 3 
in i - . 9 
onst . 3 


"53779 
97456 
55661 (2) 

97349 (3) 

21245 

18594 

53O10 (2) 4- (3) 

5563o 




"^^(4) 




. . 3" 


_52K^6 (4) - (1) 


( . . + 19'" SG'' . 


tani . 3-07767 


d . i5 2 21 =3 




i5 2 1 S7 midd 


e of general eclipse 


J" ... 54' 
s + ->. . . 3o 


^9 


84 


49 = A !ov partial phase 


n . 4- 3-I8594 
A . 3-70663 
( CO* + ■9."4^ 

. . 7J° 27' i , — — ■ 

{ tan 0-49999 

-; . 3-5210S 

2 54 57 . 4-02I05 
.5 2 .27 


« . + 3-18594 
A . 3-Si,84{ 
leos + 9-C74io 
^ . 61" 49' i , — 

c . 3.52106 

d, h. HI. a. 

I 43 17 . 3-792.5 
l5 2 I 17 


14 23 6 3o beginning 

1 5 4 55 24 ending 


i5 .8 ,0 beginning 

i5 3 44 44 ending 


(- ■ ■ ■ — 19 49 

a ... — 92 16 


(— ■ - - — °9 46 

... 61 49 

a' . . . _ 8, 38 

i' . . . + 42 


Place of Paetial BEQiiraiNG. 


a . . -8.597-5 tan,. . 
i . . + 9-97576 eiai . 

I . . —3.5759' t""'' ■ 

i . . a 2° 9' A . 

duction I S . 
itude S. a 10 Longitude 


+ i.4025r Greenwi<Ji time 2 
+ 9. 5. 191 EqiifltioQ . . 

— 1.89060 j time . . 2 

— 89° i6' ( apace 
347 37 

W. 76 53 
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In the same manner may the places of partial ending and central beginning and 
ending be calculated, which ■will coma out 

Partial ending . . Long, E. aS 5i Lat, K, 35 i3 
Central beginning . Long. W. 98 16 Lat. N. 7 58 
Central ending . . Long. E. 5a 4' Lat. N. 44 5o 



) BEITIKG LIMITS, 



i"+/^ 



84 4? 'j = 4^ =5 



Siace Ji > P' — a', theee limits will extend throughout the whole duration 
the edijpse ; and we may therefore cnlculate the position of a place for any ti 
between the Greenwleh times i4^ '^3'' O"" 3o'. and iH'^ 4" SO" 24". As an ■ 
ample, take the time i5'' o'' 3o"'. 



Comp. log P' 



3 

3 


73933 


9 

3 


7i4o3 
.8594 


3 
. 6 


4719' 


3 
6 


02653 
48816 


• 9 


93564 
46632 



,s{S — m) — 9-58648 
isi . . ^ 9'9757Q 
nl . . — 9.5Q3a4 



Hi) + 0.37850 Greenwich ti 
+ 9'5ii9i Equation . 



3 5G 



ReducHor 
Latitude 
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X XL 


a 




Pj^ace Advancing. 




«.s(S + m) . 


. + 9-85525 


tan{S4-«.) . 


- — 9-99'i'f4 


eoW . . . 


■ + 9-97576 


sint . . . 


. +9-51191 


Eini . . . 


. + 9-85801 


tsii ft . . . 


. + 0-4S55J 


I . . . 


. N. 4= 18 


ft . . . 


. — 108 i3 


Reduction . 


II 


.fl- . . . 


8 =f 


Lfttitnde . . 


,. H". 43 29 


Longitude . 


. W. .16 45 



Bj taking S = (— ,}-^^ iiiEteadof (— — ", similnr eompatationa will g 
the places following and advancing for the interval t := i'' 3["> 37' n/ilcr the ti 
of middle, or for fbe Greenwich time iS^ 3'' 32" 54'. Much time will be sai 
by taMng the computationa two and two in this manner. 



1 TOE BISING AND SETTING- I 



i INTEKSEOT. 



-f 2Q 6 

3^2 



COS J) 



9 
3 

3 


9Vh7^ 
5(255 

5,137 


9 
9 


M19. 

41796 


2 


44: i4 


-H 


12011 


9 


97456 


3 


19467 


.1 


2fi55n 


2 


75ia8 




4S5q9 


9 


98055 


3 


28473 



diff. dee. 


. —27' 11" 






F' . . 


. -1-54 5 












. + 3.20790 
9.99948 




C08( 


~o . 




4- 3.20842 . , 




. + 3.20842 




+ 9-97349 aim 
-1- 3.i8igi 
3-26458 




. +9-530IO 

3-55630 

+ 6-29482 




9-9(733 log; 
9-75030 




. + 3-01009 
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A sicu 


3-01494 
3.28473 


, . . , . 


+ 17 4 




l5" . . 


9.730?! 


App. time true 6 


. ii4:>5Sa 


t the place 


8' 4' . . 


3.6H445 




2 2? 33 




COS . . 


9.99566 


Eqilafioil . . . 


3 56 




tan i! . 


9-536C5 


App. time true cS 


. ..5,9a 


tGceOTwich 


tail I 


0.45953 


Long, in 1 '"^' 
{ space 


. 9i'i7'"37' 










E. 


I . 


N". 70 5i 


. 139' H' 




Reduction 


7 








Latitude. 


S. 70 58 









Tlius we find the required place to l>e In longitiida E. 139° M' Bnii latitude 
N. 70° 58', wliere simple contact will liave place at sunset and again at sunrise ; 
a]so the middle of the eclipse would be seen at mldniglit if it were not ititercepted 
bj the opacity of lie earth. The duration of tlie ecIi|iBe will correspond ■with the 
duration of the night, and therefore no portion of it will be yiaible. 



We must therefore pro- 





P' 


. 3.51184 

7-03.90 


n . . +25 34 . 




. 3.18594 


_(s4.„) _3o 39 


oi" 


. 3-84696 (i) 








~TT 


J" 
1 cos 


. 3-5[i84 
. -8-97246 


„. . . 95 .3 . 




. 9-998"8 {^) 


{_,)_ ,949 n 


. I* 56 39 . 


. . 3-84504 (0 


.. 9S =3 


2 I 17 time 


of middle 


a~ll5 1 = 


4 4S tim 


of beginning 


b + 75 34 


3 58 S tlm 


of euding 
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Place of 


BEBIiraiNG 


Oa I'lBBT ESTBEME PlaCK. 




coso . 


-9.6^918 


tano 


+ 0.32738 


Greenwich tune 


4 48 


COB J . 


+ 9-97^76 


sini . 


+ 9'5''9i 


Equation . . 


3 5G 


fiini . 


-9.60494 


toQ/. 


— 0.8,547 


( space 


8 44 


I . 


S. 53 45 


7i 


-S^ =8 


=°"' 


Rcdiictio 


8 


IT 


. + 5 II 






Latitude 


S.'=T53 


Lungitiid 


e W.SS"^ 







E Last Exteemb Place. 

4- 0-58943 Greenwicli ti 
+ 9-51191 Equation . 



Loiiijituilo E. 34 16 



3. For the extreme time 








the value of r, taken out 


from the 


preceding logarithm 


oflZli,, 




a 1 27 time of middle 
I 57 (O . . r, 
4 17 first appeBrniice 
3 58 37 last appeavaiico 






Place 


FlKBT ArPEAllAN'CE 




Eim . , + 9-53o;o 
coU . . + 9-9757'i 
aini . . — 9.5o586 


cot< 
tail A 


. + 0.44339 
. -1-9.51191 
. -0.93148 


Greenwich 
Equation 


I . . S. >8 42 
Reauction 7 
Latituao S. 18 49 


7. . . —83 19 
TT . + 2 3 

Longitude W. 85 2a 


I * 



Latitude N, 18 49 





— 83 39 


Greenwich 

Equation 


/l 
II 

ngitu 


+ 964. 

+ 60 38 

de E. 30 3 


-1: 
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For the computntion of plaees in this ]inp, we have therefore the whole ri 
tetwaen the Greenwich menn times oii 4'" 'T and 3'' Se"" 37». As an oxam 
talie the time i'' 3o"'. 



3.37577 
3.84G96 



3 5Q 

I 33 56 



Reduction 1 

Latitude S. 5o 3 



»=*. - +9-9983° 


tan* . 


. -S.87.06 


Greenwich \ 


iime 2 3! 54 


!osa . . + 9-9757S 


aln^ . 


. +9-51191 


Equntioc 


3 56 


ini . . +g'97'i56 


tan h . 


. + 9.35915 


1 til 
ffin j 


■as 2 36 5o 


; . . N. 70 35 
deduction 7 


h . 
H 


. — 167 7 
. + 39 t3 


( ej 


,ace 1773" 



( E, i53 Ao 

The places may he eompnted by two tt^ether in this way ; and it will perh itps 
be a little mora oonvenient to aesume a value of ( in the first instance. We taay 
take any value which does not exceed ti or i^ 57'" lo*. In tlie present example 
■we should take (=: 31™ 17", and begin as under: 

(_,). . -r949 '"^^ \r ^'^^ri TImecfmiddle , 2* "i" .'^ 

1. . . i5 34 ^r 3-84696 I . . . 3r 27 



and tlien proceed for tha plai:< 
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. NOETHEKH AND SOUTHERN LIMITS. 

L FHABK, Hw have only sautliem line of simple conlact. 



+ 3.18594 

— 3.49415 



— 7^17073 COB W 

3.26623 , . . 

+ 9'97349 eini 
+ 3-3397 ; 

a8' 57" 003 D' 
+ iS 57 59 logo' 
D' + 19 a6 56 fl' . — II' 4" 

The estreme places will le the EHme as tliose wliidi liave tlie middle of the 
eclipse witli Ihe etin in the horizon, page 366 ; and wa may compute for any time 
between the corresponding times of beginuing and ending, Tii. ; o<' 4'" 4S' anil 
St 58" 6'; oc we may take any value of t leaa tlian i'' 56'" 39'. For an esample, 
take( = o'' 58«33'. 



3 


494.5 

5 1184 
9S'3. 


T 

+ 9 
+ 9 


s66a3 
530IO 
"^9033 
97448 


— 3 


8a 1 85 



Time of middle . 



Keniainiiig ciikulatiou for the 



5 i4-7 
1 9 '^-9 
24 4i-G 



96^0 

96098 Comp. <; 
95335 Comp. c 

0O363 . check 

80357 



3 


54568 
17073 


9 

9 
9 

9 
9_ 


7i64i 
"27571 
9E23< 
70660 
77167 

70O60 
•9"3 


9 


B9773 
0745a 
d3o35 
00=64 
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Bie calculation for the time i*" a™ 54' is to be performed in tliia manner, with 
the eame values of tan Z, eio Z, only tiilsing the value of J/;= — ■ 120° 43'- 



Calcula 


■ION FOK tu 


True 3" 0" 0'. 


Constants 


{A), (B). 




9-974^0 

0.58=04 


B, . 


. + =.75128 
. . o-58ao4 


3.77671 




3.33333 


i°39'4o' 


{B). 


. . + 0^ 35' 54" 


for the eo 


.ipntations 


t all times. For tbe present 



S . 
(=:) . 
log (l) 


+ IS 58 21 
+ 33 i4 
+ 3.29973 


D)' ■ ■ 


+ 3.02898 

+ 9-97428 
+ 3-oo3ii6 
-t- 9.51204 
+ 2.51530 

+ 35 54 
+ 3o 26 
.l-3-a6i5o 


U). 
i 


+ 2-81177 
+ o" 10' 43" 
+. 3940 

+ 3-82.38 


fe) sin ^ 
(-B) . 




-H 0-33327 

O:3oio3 

+ o-e343o 


izv. 


+ 9-77339 
+ 0.33327 
-i- 9.44012 



3 
9 


51255 
999B2 


3 
9 
3 


51237 
97574 
488 1 1 


9 

9 
9 


93493 
6343o 
3oo63 
65o32 



5.77843 

9 -4401 3 
?.Gf)i69 



i5 5o 
3o 52 



3.267154 . 
I- 9-95851 
+- 3.22615 
I- o°58' 3" 
^ 18 53 21 
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This result differs c 
the former positioo is i 
maj be coneidered as 
rasalt ba si 



lateriallj from the former one ; but we are not to infer (hat 
to far wide of the truth. In general tlie second determination, 
an almost accurate point in the limit, and though the first 
:e apai% jet it will always te Terj near to the limiting line, 
Buffioiently near indeed for the mapping of the lines. By direct calculations of the 
eclipse for these places, tlie fojiiier will have an ecUpae of about ^ J ,, of Hie sun's diam- 
eter, and the latter about Tj J ifj of the diametar, which is too small to be pi 

2, FOK THi 





i5 5o 




D 54 


. - + 

■ . + 


25 34 

26 23 
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i' 43 U 


?■''■ 


+ 9-94075 

+ 3.8459G 


. + 
. + 


1-73539 
9.97349 

i-7o5Se 


.i;.' 


,.73=39 
+ 9-53oro 

+ 1-26249 


. + 


0° o'5i" 


cos J)' 


+ 9-97579 


. + 
. + 


8 5759 
8 57 8 


a' 


-1- 1-^18670 
4- 0° 0' 19" 



The Bemi-duration of the northern limit on the earth ia therefore i"" 4='° i4', and 
■we roaj calouliits for any Talne of ( not eiceeding thLs. A calculation of the 
estreme places on the earth is to bo performed the Eame as for the beginning- am! 
ending cf a phaee on the earth, and "will ba unneceEsary here. Aa an esaiuple, for 
a time within the limits, wa shall take i = i'' 10" 0'. 





J, ^ ^ 




i 


3-6a325 


Time of middle , 


= 1 =7 (— <) ■ . — !9 49 


E 


+ 6.464o3 


t . . 


r 10 lu' . . 5o 43 


tan^' 


+ 0-08738 


Before middle . 


o5z ^7 ■ ■ M . . - 70 3a 


cos^' 


+ 9-80147 


After middle . 


3 II 27 . . ilf . . + So 54 ■ 


COBW 


+ 9-68901 




Z. . + 5o 3r.3 1 


mZ 


+ 9-88754 




s.aZ 


+ o.oB4a3 


Kemaining calculation for the time S*" 1 1" 27=. 








tan 2 . . +0.08423 sinZ. 




+ 9-88754 




cos Jlf , . +9 


9333a cos M 




+ 9-93352 


e + 46 10-^ 


tan S . . +0 


01775 




+ 9-82106 


D' + <8 57- r 


siu fl . . + 9 


858i7 eomp. CO 


(A- 


') +o-i56aa 


fl + i)' + 65 7.3 


. OOfl . . . +9 


65397 comp. eo 


I . 


+ 0-15693 




+ 


23420 . check 




+0- 23421 




Can Jf . . +9 


77706 
















h — „' +45 44-6 


,....+_ 






-b- m. i. 


.■ . + 0.3 


|co=. . . +9 


B4378 Greenwich 


me 3 11 27 


A . + 45 .«-9 


■ tan ((! + D') + 


33374 Equation . 


3 56 














"7775 a 


(tin 


e . 3 i5 =3 




— E 


n \ 






I . . N. 56° 53'. 8 


Up 






Reduction . 10 -4 h 




. + 45 45 




Latitude . U. 56 


34 - Long 


tude 


. W. 3 



Tbe calonlation for o*" Si" 27' i 
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3-48730 
5-So33i 
0-53740 



?■ 56473 
j' 97^55 
3 ■53-728 



4 59 










5 5o 








5i . . . 


1-70757 , 




1-70757 


003 .' . 


. + 9-97'55 


Sim' - 


- +9 


53738 




+ I -680.2 




+ I 


"^4485 


M 


. -t- o'' o'48" 


cosD' 


■ +A 


97577 


S . . 


, + 18 58 28 




+ I 


2G908 


D' . . 


. + jB 57 40 


"' ■ • 


. + 0" o' .9" 
. + 23 6 


D . . 


. -)- T9 33 37 


ir: 


. + 22 47 


(—'■') 


- +3.. 13577 


(D) 


. + 19 33 28 
, + 18 57 4o 


y ■ ■ 


- +9 


974 '9 


S' . 


. + 3 


70996 


X . . 


. + 35 48 . 
. -f 30-57'- 1 


( tan 


- +3 


33203 


.M . 


■ ^A 


77793 


i.„ . 


. + 9 


93328 




+ 3 


"3^7"5 






P' 
Urn - 


. + 3 


5ij56 




■ + 9 




Z . 


- + So" 27'-9 


icos . 


- +9 


So363 
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e. . 4-46 5.8 

B' . + i3 57'7 
e^D' +65 3-5 . 



i' +45 4i-9 ■ 

+ 0-4 

+ 45 4'.3 



RediicLion 
Latitude 






oR33fi 


9 


93328 


"9 


0(6134 

■W64 


9 


62499 

23265 


t- 9 


77793 


9 


01058 

84412 




33249 

176S, 



N. 56''2o'-5 
10 -4 

H". 56 3o -9 



Ltingituda 



3.1558S 
3-i563o 



3 56 

+ 3 i5 23 
+ 48°5o'.8 

W. 3 8 .5 



VI. CENTEAL UHK. 

We have, ot page 363, found tlie aami-duration of the central appearanee on tlie 

eartli to be 1'' 43"' 17', -which ia tlierefure tlie greatest value of ( foi- tliia piase. 

Ab an e^caniple for a time within the limits, take the same vnlue of I as ia the two 

preceding examples. 



Time of middle 


2' 


i' 27 


(-') ■ 


. _ 


'9 49 


Before middle 
After middle . 


3 I 


I 27 . 


. S . 

. s . 


. + 


5i 4[ 
71 30" 
3i 52 



ReinainiDg computation for tile ti 



h 44 56. o 
f 1 8 58.0 
4-6"3""54^ 



49 35-6 ]j) 



tan 2 . 


+ 


06994 


ein Z. . , 


cosS . 


+ 9 


92905 


cos S . . 


tanO . 


+ 9^ 


99899 




sinfl . 


+ 9 


84898" 


comp. cos k . 


003 . . 


+ 9 


64339 


eomp. cos I , 




+ 


1^^ 


check . . 


tanS . 


+ 9 


79354 




tan A . 


-i-9 


999^3 




COS h . 


4- 9 


84991 


Greenwich 


ton (9 + I) 


+ 


30990 


Equation 


taal . 


+ 


15981 


Isp 


I . 


s. 55° ie'.7 


Reduction 


N. 53 


10 -6 


k . . . 


Latitude 


=9- 


Longitude 



9-88:64 
9-92905 
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. K. 49 17 
By assuming a series of times, and su ooniputin 
ing examples, a series of points on each of the S' 
and tlieBe paints being laid down iu a guo^rn|ihical map, with respect to latituile 
and longitude, it will be easy to trace the lines through them. Id this manner has 
the folloiving mnp been executed, tlie nssmned law of projeetioa being that the 
parallels of latitude are concentric and equidistant cirolea. This projaution will 
be found verj suitable when an echpse, as in ibe present instance, extends com- 
pletely ronnd one of the poles of the aarlh. In othsf^ cases, any hjpotbosjs whitt- 
erer may be aaaumed, with respect to the law of projpction, provided the gpo- 
gi'aphieal sketching and eclipse-lines be both laid down on the same principle. 
(See Fig. 11.) 
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1 — EotiPSES OF THE Sun. 
Tha «hiaf objects of determination for any particular place are — 

1. For a pnrtial eclipee, its magnitude, and the times of beginuiog-, greatest 
phase, and ending. 

2. For a total eclipse, the times of external and internal contact uf limbs, or the 
times of partial and total beginning and ending. 

3. For an aooular eclipse, the times of exterior and interior contact of limbs, or 
the times of partial and annulnr beginning and ending. 

Also, to secure certninty in the observation, it is necessary to ijetermine, in each 
case, the particular poinfa on the Ihnb uf the Bun, as related either to the vertical 
or a circle of declination, ■where these contacfa take place ; and Jienee the general 
configuration of the eclipse. 

We first proceed to find expressiona for calculating, at nuj time, the apparent 
relative position of tlie two bodies, and the augmentation of the semi-diameter of 
the moon. The parallax in altitude depends on the Eq. (B) or (9X page 336. It 
■will here be neoeasary to investigate tbe effects which this parallax ■will produce 
in the right ascension and deolination of the moon. These might be accurately 
determined by the theory of the small variations of spherical triangles, but not 
(|mte so Elmplj as in the following manner: — Assmne, as before, 

I, the geocentric latitude of the pUoe ; 
B. A., the trna right ascension of the moon; 

D, tha true declination of the moon, + north, — south; 
h, the tiije honr angle of the moon, + west, — east; 
r, tlie distance of the centres of the earth and moon. 
Tben if, from the earth's centre, we take 

X, on the intersection of the planes of the meridian and equator, H- towards 

upper meridian ; 
y, in tha plane of the equator, + west, — east; 
z, parallel to the earth's asis, + north, — south ; 
we shall have, for the position of the moon, 

a = r cos Z* cos 7i, j/ = r cos i) sin A, z = r eini>; 

and, for the position of the observer, 

(•) = ,«=.!, (,) = 0, (.) = ,™l. 

Thus the position of the moon, in relation to the observer as an origin, will be 

y'=y—(y) = r'tml) sin/<; 
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wbieh present a direct metliod of calculating the apparent position of the mooa, 
at any time, from that of the true. The former of tlieae equation is eviSently 
subservient to the other, and must aecessarily be computed first Aa the oalcula- 
tion of these axprefsions will, in general, require seven places of figures, it will be 
more convenient to determine the simple effects of the parallax, or the emiill dif- 
ferences A.H. — A.R.', D — I>\ for which oUier expressions may be derived from 
them. Let A.R. — A.-R,' = A' — h^: Ah, and D — 3' ^ ^ D; then by multi- 
ply ing the equation 

by sin h sin ft', the left-hand member \till become sin (A' — h] or sin A ft. 





tan S tan S' p 
sin A sin h' o 


sin r ma I 






03 i> sin A" 




tan D tan D' _ 
sin/. sin A' 


Uni) — t^nii' / 
siu/< "* \s 


n-l-Bil/)-"-"" 






sin(i)-D') 


SiS'-"-^ 






fliu A cos D cos ii' 






sin A i> 


.1. J A i «. (i + 1 i 


-1...^. 




sin A cos D COS S' » 


•« '• •'" '•' 


Equate fhis with ~-^ 


^^,^^^, and ^e find 






sin A D 
cos J> cos i>' 


p sin P sin / 2 sin 


Bin A' ■ CO 


ni? 

7^- 


Eutasin J Ah = -^ 


n A ft p sin P CDS ; 


Bin ft' 

•..■ia;.' 




i Ah cos Z> 
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Subatitufc ttis value and multiplj by cos B cos £>', and we deduce 

.In A I> = , * P [.i« I ™ 2)' - .0. J .i. Z.' '^-^1 
We ehall therefore bave, for tbo parallax of tlic hom- angle, and tiiat of tlie dceli- 
.:. . ,._(pcoBOBinP,^, 



iiiJ=6ini> 



[(,.,.,...i>'-(,»,.u.i>'!=ia±tp] 



These are still however not adapted for direct caleulatioa, since they iuvolva 
the apparent quantities h', D', which it is our object to determine. The only use 
that can be made of them is, first to use the true quantilies, in order to get the 
parallaxes and apparent values approximately, and then to repeat the operation. 
To avoid this difBoulty, eubititute in the former A + A A instead of K, and in tha 
latter pnt D — a i> inslead of D\ and we get, bj expansion, 



IS / sin P 



(sin h c, 



A A + cos Adz, A A); 






A 1>, respectively, and si 



e for tiin A h and ta 









These expressions are all of them perfectly rigorous, and better suited to calen- 
lation than thej would appear at first sight. The process of the calcnlatlon, in 
which five placea of figures will be sufBcieiit, is more detailed in the following 
equations : 
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, = (pe\nl).\nF: 



rhe ^preadon (i) for- tan 
spheiioal triiingle as toHo-> 



SPHERICAL ASTRONOMY, 

_cr,s(M-iA/.) 






.= (;■) = 



■s i A A 



■ (") 



(A) boiug Tsry neiulj equal to A + ^ A /(. And let JV ba tlie 
north pale, Z the central aeaith, and M the mooii ; then JVJf 
t= 90= — S, IfZ = 90= - ;, and the / ^"= A, Without 
changing these Taluea of JV3f, JV2, let us supjiose the hour 
angle jVto become inercHsed to the yniue of (A); and with the 
trianglo so constituted euppoee the altitude of the moon to bo 
r, ao that ZM= 90° — t; then the spherical relations 

ein ZM cos M = cos ITZ sin JV Jf - sin JI^Z cos JfM coa A^, 
cos Z Jf = cos NZ cos ifif + sin IfZ sin ^jl/eo3 JV; 




Deo 


= (A) 




OS {A + i A A) 




cos^AA 


JD 


OS (^0 


7)^ 


os{A+iAA) 



Compai-ing these with the former enpreasiou of (4), wc have therefore 

'"-=.^^.— •■■• 

Before this oan be used the angles ilf and c must be determined. 
Draw ZS perpendicular to Jf jV)- and by spherics, 

tanJV"i)=tanJV2co3-i\f 

wn MB i^u M= iz-n Z D t=f,m N D fan jV; 

■■■^^^^^Sf'^"^ 

tan MZ = ^'^^J ^, or cot MZ = cot MD coa if 
Also by (c) 

Bin JV J) tan M cos JP sin M coa J»" sin JVZ 



.(c) 
■ W 



n iV 



u jV 



nJifi; 
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Let cow ND — e, and Ml) = MJf^ 9 = 90° — (9 + i>) ; and the equatioi 
(«), <*), («)■ (rf). ('), (/). ^ill ei>"= tl.c foliowing: 






o.(9 + i))~'"' 


tan t = t 


n (9 + D) cos 


einfl c 


a (A) cos; 


oos(e + i>) 


OS Mew t ■ 




{, sin P) cos . 



nP)« 



)S if. 



■(/) 



ID vbich the equntiiHi (e) h used as a clietk on the preceding computations. Tbia 
dieek affords a good security to the flcouraoy of the work, and gives to these equa- 
tions a deoitied preferenee oyer those of (6), alLliough a trifle more perliaps in point 
of oaleulatioil. Tliej have also nnothtr adva^itage, inaamuoh as Jf may be consid- 
ered as the parallactio angle, and i the altitude of the moon; the former of these 
ia useful in determining the position of the line joining tlie eentrea of the two bod- 
ies In relation to tba vertical, and the other is useful in finding the augmentation 
of the moon's semi-dinmeter, which wo shall now consider. 

If s' denote the moon's apparent eemi-dirimcter, and s her true semi-diameter as 
seen from the centre of the earth, tlio actual somi-diameter of the moon will be 
represented by both r sin a, and r' sin s' ; also, if a perpendicular be drawn from 
the centre of the moon upon the radius p produced, this perpendicular will be rep- 
resented by both r sin Z, and r' sin Z', We must iherefore iiave — =^ -. — —. 

Let M be the true position of the moon, in the preceding figure, and sin ZM 
sin ^ JVZif=«nififBin JV will he sin ^ ain/ JVZJf = cos i) sin A; for the 
apparent position of the moon the angle JfZM will remain the same, aad sin 2' 
dn ZifZit/=cosi>'einA'. 



ainZ 



ii/i' 



19 of the equations (8) and (9), page 33G, 



■■■eir,« ~Bin,Z ~^^r:0 '^iiTA ~n^sinP"^;7a"Z ■ " " 'W 

All the preceding formulie are strict in theory. It now remains to consider 
what allowances may be mnde and wliat fiicilicies given in their lujlual calculation. 
In the first place the value of eoa J A A may be safely assumed equal to tmili/, 
and may therefore be rejected in the equations {?), (4), (6), and (7), so that (7i) ^ 
A + i A A; it may be shown that this EUpposition cannot involve an error of 
more than 0".03 in the value of A D. 
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A]so, Hs the arcs F, A h, A D, are smaJl, wc must haye very nearly 

■where P, A h, A D, denote rsspeetively the numbers of Eeooiids they oonta 
These eqiiationa may be made more exact, for the limits between which the ang 
are always comprised, by adoption mimbers differing a little from sin 1" a 
tan 1"; thas, by Bssuraing 



= [4.S8a5o], 



i A 



= [4.6S6ei]. 



e mvolve an error exceeding that of 
L'ror of more than 0".l in the value of 
le latter assumption ap- 



The first supposition will not in ai 
0".06 in the value of P, nor tho seconc 
A h, and tlieae are much too small ti 
plies equally the same to A D. 

Thus we sbaW have l,h)=ih-\- \ Ah, sin J'= [4.68656] P, Ah = [B.31439] 
t&u Ah, aD- [5.31439] tan A J); aXm, A A = A n, the parallax in right ae- 
The equations (3) and (1) may thcicfora bo commodiouely arranged aa 



foUowi 



By fating h lose than 1 



an fl = c«s (A) c, 



- [4.68555] p 



A = = [S.31439]^^^^; 
80", positively or negatively, A " wii! havo the ei 

I; G = co3(A)cosi 

„. ,. -r J] '" '''' ' "" ■ = *■"■(■+ S) =" " 

B = ^M^.. .l,„k. . .^:^L_=» 

«i = 4 sin c ; aD = [5.3I43D] -— — 

Tlie auxiliary arc 8 may be isksn out in tlic first quadrant, -|- or — ; ealliog 0" to 
180° ibe first semicircle, and ISO" to 360° or 0° to — 180° the second semicircle, 
the parallaotiQ angle M must be taken out in the same Eemicircle with k; and 
A B will have the same sign as cos M. 

It will appear by the preceding investigations that the values of A a, A i*, so 
deduced, are the quantities to be subtracted from the true values of A.R., II, to 
get the apparent 

As the nnnibci' n is always very email, the values of oomp. log. (1 — n) to the 
fifth place of figures may be comprised in the following useful Table under the 
Ijfle of OorrecHon of Log. Parallax, and conveniently taken cut with the nearest 
third fig'ice of the argument. 
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CorreotioQ of Log.^farallax. 










Argument: log. n. 






Log» 


Corr. 


Los« 


Corr. 


Log» 


Corr. 


1.,- 


1 
Co]r. L 


gn 


Corr. 


5 oo 


7 100 


54 


7 4oo 


109 


7.700 


8 8 




436 








55 










3 




447 








^^7 




Il4 






9 




457 


3o 


1 


i3o 


58 


43o 






730 
740 


3 
4 


3 


468 
479 


5o 




i5o 


6. 


45o 


1=3 




750 


45 


5 


49 








03 


46r> 


laS 




760 


5 


60 


5o 








O4 


470 


1=8 






5 




5 3 


80 




i&j 


66 


480 


i3i 




780 


63 


08 


5 5 


90 


3 


190 


bS 


49^ 


i34 




790 


69 


9 


537 


6 00 


4 




69 


5oo 


i37 




800 


75 




5 










5.0 


141 




810 






563 




7 








(44 










576 


3o 


9 


23o 


74 


53d 


J 48 




B3o 


9 


3 


9" 






340 


-f) 


54o 


i5i 




B4o 




4 


6 


5o 


i4 


25o 




55( 


i55 




85o 


3^ 


5 


6 8 


60 


17 


a6o 


79 


5bo 


1 58 




860 


3 5 


6( 


63 


70 




270 


s; 


5-- 


163 




870 


3 3 


7 


6^7 


80 


27 


3&0 


83 


58 J 


65 






33i 




663 


go 


34 


J90 


85 


590 


;?i 




890 


338 


190 


678 




43 


3oo 








900 


346 




694 


7 )0( 


4j 


3 


89 




177 




g\o 


355 








'la 


''■ii 


9 


650 


181 




950 


363 




727 




46 


33 


93 


b3o 






^30 


371 1 


230 


744 


o3o 


47 


3^0 


95 


()4( 


191 




940 


lit 


a4o 


761 


o4o 




35o 


9b 


65o 


,95 




950 


a5o 


779 


l5o 


49 


360 




660 


199 




960 


398 8 


260 


798 




5o 


370 




67 






970 


407 








5i 


38o 


104 


b8o 


^09 




980 


4l7 






081 


^2 


39c 




690 


2l3 




990 


427 






090 
7 100 


5i 
5^ 


7 40 


109 


7 700 


2ib 


8.000 


436 






Thia 


correc 


on k additive when n is positive, and 


subtraotiv 


e wlien «. is 


nagativ 


. Fo 


the pnrnllax in declination it will alw 




ilive if the 


moonb 


aboT 


the horizon. 







Bi being the number which enters into the computation of A J). 
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This and the last formnlie for A i^ A -D, entirely preclude the neeessitj' of haTing 
recoui-se to a. tnble of the einea aod^tiingeatd of Bmall nrce, and poeseas muah uni- 
formity and simpUiiLtj' in thair appfiention. 

To get the relative parallax of the moon with respect to the euii, we must use 
P— -IT, instead of i*. If, therefore, I" denote the value o( i,(P — w), or tha rela- 
tive horizontal parallai reduced to the latitude of the place, we must use sin J'', 
instead of p ein P, in Hie preceding formula 

The detcnninalJOD of the apparent relative positions of the centres of the two 
bodies, 08 well as the a.ugmentat[on of the semi-diameter of the moon, at any time, 
has now been reduced to o practical and expeditious set ot formnlie. A series of 
these apparent poEitions of the moon, with respect to that of the sun, will ti'ace 
oat her apparent relative orbit; and the contact of limbs will evidently take ])lacu 
when tile apparent distance of the centres becomes equal to the sum or difference 
of tlie semi-diameter of the gqu and the augmented semi-diameter of the moon. 
For a distance equal to the sum of these semi- diameters we gliall have partial bo- 
ginning or ending ■, for a distance eaaal to their difference We sliall have 



tul 






Since the hour angle of tha bodies is subject to the rapid variation of nearly 16° 
per hour, the effect produced by parallax will be of so irregular a nature as to 
give a decided ouivatura to the apparent relative orbit of tha moon. This curva- 
ture will be more strongly characterized when the eclipse takes place at some 
difltanee from the mei'idian or near to the horizon ; and the apparent relative 
hourly motion of the moon, even during the short interval of the duration of tlie 
eclipse, will, Ihrough tha same irregular influence, experience considerable varia- 
tion. These circumstances Vill, in some measure, vitiate any results deduced in 
the usual manner, by supposing the portion of the orbit described during the 
eclipse to be a straight line, and using the relative motion at the time of apparent 
conjunction as a uniform quantity. The method we are about to pursue is very 
simple, and consists in assuming any time within the eclipse, and computing for 
this time the relative positions and motion of the bodiea, and thence finding, with- 
out any reference whatever, either to the time of the middle of the eclipse or to 
the time of conjunction, the times of beginning, greatest phase, and ending, and 
the relative positions of the bodies at these limes. The nearer the aaaiiined time 
is to tie time of the greatest phase, the more accurately will the time of that 
phase bo determined i and, similarly, the nearer that time Is to the time of begin- 
ning or ending, the more certainty will attach to the determination. 

To find the apparent relative motion of the moon, we must fii^t determine the 
variation which takes place in the parallax. For this, take tlie equations (2), p. 
879, via.: 



™ A i) = .in r r.i. U„l,.^ ... , .i. 2>- i».('i±i">l ., 
L cos i All. J 

r, substituting small arcs instead of their siuos, 

»i)=p'[.i.,...j>'-™,.i.i)'=^±f-*']. 
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Since a portion of the apparent disk of the moon 13 projecteJ on that of tha an 
lie apparent declination D' cin differ very little from i. As the hourly variadoi 
of these email quuntitiea are only reijuiriid apptojdmately, wa may therefor* m 
i instead of D" and neglect A A, so as to have 



A D = P' (sin I COS J — COS i ein i cos A); 

which expressions, though rough rallies of A o, A D. will give their hourly varia- 
tious pretty accurately. For these, observing that h h tlie only quantity which, 
by its rapid variation, has any sensible influence on these values, *re have hy 
differentiation, 

ll|i!)=(i.'g.i..")£=i»», 

But by the equations (8), 

m = [4,6S5B5] P' cos I, 

n — [4.68555] F' -^^ cos A. 
Snljstitute, therefore, 

r -^^ coa A = [E.31446] n, 

ilA3=[..„„»l(£f..r)..,.,.... 

If we adopt 14° 29' as a mean value of ^, -we shall have ^' s\a 1" = [0, 40214], 

and [6.31445] (— sin 1") = [4.71719] or [4.7172]. Tliereforc, if (i). (he value 
of the Ban's declination at tha time of (he middle of the eclipsn, be adopted- in tne 
value ot -^-3 — -, we mny form the constants, 



«. = [«17!1. 1 

e, = [4.»l!.],».m(J)r 



(la) 

1 a I. pl«. ot ^i^, iiffi, ». .MI hm 



which offer a simple calculation 
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let now, at any flsaiimetl time witliin (he Fig- 10. 

dnration of the eclipse, S and M he the ap- 
parent poGitions of the centres of the sun 
and moon; and JS J/.E an arc of a gieflt cir- 
cle eoinciding with tlie relatlre direction of 
tbe moon's inotion at that time, wliich arc 
Tte shall first adopt in place of the oarvilio- 
ear orbit actually described. On tho circle 
of deciiQation SJV, demit the great circle 
peipeodieular Md, and euppoee B and ^ to be the poaitiuiis of the moon at the 
respective times of partial beginning oiid ending of the eclipse, and » the middle 
pobt. Assume SB = SE =3' + t= A',Sd = x. dM -y, SM= PC, Sn = n, 
£NaM=:8, ABMd= ldSH = :«aA the Z BS» = Z -ESn = u. Also, 
for aimplidty, let ii, y, denote the hourly vaiiations of a and u. 

In determining the valae of x we shall require tlie a correction, which will 
Reduce the declination of the paint ^to that of i2. This correctioa is shown in a 
taUe at p. 342 ; bat, us this smalt correction may be wanted more accurately 
than can be obtained from that table, we shall here ^ve some faetoi^ for its de- 
tennination, from which, la fact, the table alluiled to has been derived. The cor- 
rection will reeolve as follows : 



n(i)):= 



anZ> 



n the den 



_ tan J){1- 



>sa)_ 



ton[(i))~i)] = 

Suppose, now, a to be expressed numerically in minutes, and {D) — 
«Hds; then 

tan[{i))-i)]^[(i))--i)]sinl"; 

sin| = |sinl' = (SOsinl")a. 
Therefore, by substitution, we find 

(3) — I> = (SOO sin 1" sin 3 Dj a'. 
Consequently, asEHming 

F= 9OO0O sin !" sin 2 Z* = [9.63B82] sin 2i>, 
we shall haye 

He Tuliie of j; argument S, is contjiineii in the following small table 
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Factor F ior " correction. 


B 


F- 


D 


i^ 


J> 


jp 


; 


..o. 


; 


.* 


30 


=80 






















o3o 






,7H 










o46 


i3 






a3 


:1t4 






061 


i4 






=4 


:ij4 






Olfi 


.5 




■),« 


25 


,H.-M 


fi 






16 




riT 


=6 


344 






106 










353 












556 




363 






i35 






288 




S70 




"' 












acorr. in8ccfl«rfs = i^. /— ^ 




•" 


enoting the number ofminuUs it coiita 


-^ 



From -wliat has preceded, it ia evideat that n' ;= n — a ", is tlia apparent dif- 
ference of the right ascensions of tha bodies, and tliat I>'^=D — A I> is the appa- 
rent declination of the moon; and that 



(14) 
(16) 



^ = P' + („-i„)corr.l-; ) 
2' = [" -A-.]ccs-D' i 

and consequently also 

Moreoycr, the figure occupying so Email a portion of the sphere, and being com- 
posed of arcs of great circles, ire may, without any appreciable error, treat thesB 
arcs as straight lines ; thence we eliall obviously have 



Hourly tt 



1 in the orbit — 



n=Trcos(S+.). coa,.= . 

Again, in the trianglesB,SJ/, JUSM, 

I 5Sif=™ + (S+<), Z^SJlf = o — (S+O! 

and consequently, by plane trigonometcy, 

iiJf=^«i[. + (S+.)J «2f=^.to[.-(S+.)J 
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"IVitb tlia above Lotitly motion in the ocbit we sliiiU therpforo have 

Time of describing - n M= ^^'^''"' aiii(S + ,), 

W cos , 
EM= MQ [o. - {S+ 1) ]. 

Let, now, ii, d, bo oorrHOtiona to be applied to the time aasumed to get tlie times 
.f beginning nud ending, and (i) the ooiTecliou for the time of the greatest phase 
Then we iiave avideiitly 

f i, ) fBJfj fnegative) 

,} i ([) V = the time of describing J njl/t ivith a jncgati ' '" " 






To have these times espressed it 



and then we sbai! derive 

(O = «eo..sin[-(S + 0]. 
and lience 

»™ati«,+ ]..o., ««[-(« + ,)]! (18) 
(..in[-(S + ,) + -)) 

It iins been observed, that any one of these values will be the more t« be de- 
pended on the more naarlj it fipproxiiiiaiHS to tlia asaumed time. Thus, if tlie 
asBumeci time ho within ten rainntes or so of tlie end of the eclipse, the point JI 
vUl approximate so closely to tl:e point -B, that no aaneible error can arise by 
supposhig the smnll poi'tion 3f JS of the orbit to be a etraiglit line, and to be 
pnaaed over bj the moon with a nnlform motion. This eit'oumstiinoo renders it 
advisable, in the first instnnee, to take the assumed time near to the time of the 
middla of the eclipse, so as to give a good result for the time of the greatest phate, 
and results for the times of beginning and ending, which may be nearly eqnnlly 
relied on. Snoh a computation will be snlfioiently exact for the usual ]>urpo=es of 
prediction. When the tinie of beginning or ending is wanted to grant minute- 
neas to compare with observation, it will only be necessary to repeat the operation 
for a time assumed us near as convenient to the first determination, which wili 
mostly give witliin a fraetional part of a second of the true tieoratical resnlt ; a 
degree of accuracy, however, seldom wished fur, and quite unsupported by the 
ptesent state of the lunar theory. 

To fix on a time near to the Diiddle of the eclipse for the radical corapntiition, 
ona of the most simple espadients will be to determine rauglily the time of the 
apjviirijnt conjunction. 
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We eliall now brii-lly consider the nppnrcut positions of tho moon, (i8 related to 
ilieauu's centre. 

It is dear that B ia tb« angle ot position of the moon's centre from the north 
tATvariJs the esst, at the time Assumed; aleo thnt the angle JV^ff^S = u -|~ ' is the 
Eimilar angle of position fi'om the north towards the west at the time of begin- 
ning ; and tliat the angle jVS M = a — ' is the angle of position from the north 
towards tbe east at the time of ending ; and that tho angle jVS ti = i is the same 
angle towards tbe west at iha time of the greatest phase. Theiefore, by esliraa- 
ting all these angles towa'tda the east we shall have 

f beginning 1 ((-')-") 

At Jgreatest phase f- Z of »'s centre from N. towards E, = J{- .) \ (19) 

i ending ) ((-') + '-) 

In the computation of the parallas in declination, we find an nngle M, ivhich in 
practice may be snpposed to be the angle JVS2fortbe assumed lime, tlie zenith 
Zbeiog reckoned towards the east; consequently, at this time we shall have S— M 
for the angle of position of Iha moon's centre from the zenith towards the east. 
At any other time the jiarallactic angle M for the latitude ot Greenwich may be 
taken from the following table, arguments the corresponding apparent time and 
the sun's declination, Thia table, for any other place, may be computed by for- 
mulie,,suoli as at page 38), viz, : 

tan 9 = cot ; cos A, tan M = — ^4"^: '«" ''• 



Those who may be engaged in the computation of eclipses, for any particular 
places, will find considerable facility in the formation of similar tables. 

For an occultatioa of a star by the moon, the argument, instead of the apparent 
time, will be the star's hour angle, or the sidereal time minus the star's right as- 
cension. In this case the required positions will be those of the star with respect 
to the moon's centre, which will therefore be different from the angles of position 
for a solar eclipse, in which the moon's centre is referred to that of the sun. The 
angular positions of the contacts at immersion and emersion will consequently be 
determined in the same way as for an eclipse of the snn, and will be estimated in 
the opposite directions. Thus, for an ocoaltation. 

And so must 180^ bo applied to the other angles of position, as expressed for a 
solar eclipse ; this will make the expressions for tbe direct images of occuItaiJons 
the same as those for the inverted images of eolipses of the snn, in estimating the 
eontaets either from the north point or from the vertex. 
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Psrallaotic Angles for the Latituiie of GraeoH-icli, 




{,ame ugn as h) 




Argiimenis ; Appare/it Hour Angle and Dedinadon. 




Hour Angle h. 


Dec. 
North. 







lo 


lo 




lo 


5o 


I 


70 


^ 


1 


,L 


MO 


1 


1 


MO 


=^ 




°g 


i5 


; 


27 


;. 


35 


37 


38 


39 


38 


37 


35 


3j 


37 












27 


32 


35 


37 


38 


39 


38 


37 


3.1 


3i 


27 






B 


16 






3a 


35 


37 


38 


39 


38 


37 


34 


3i 


27 


3 






ifi 




58 


32 


35 


37 




39 


38 


36 


34 


3i 


=6 


4 




8 


16 


=3 


28 


3a 


35 


37 


38 


39 


38 


36 


34 


3r. 


36 


5 




9 


16 


=3 




■33 


36 


38 


39 


39 


38 


36 


34 


3o 


26 


6 




9 




=3 


29 


33 




38 


39 


39 




36 


34 


3o 


26 






9 




24 


'9 


33 


36 




39 


39 




36 


34 


3o 


26 


8 




9 


17 


34 


29 


34 


36 




39 


39 


38 


36 


33 


30 


25 


9 




9 




24 


30 


34 


37 


38 


39 


39 


38 


36 


33 


3o 


35 






9 




25 


3o 


34 


37 


39 


39 


39 


38 


36 


33 


3o 


25 






9 




25 


3i 


35 


37 


39 


39 


39 


38 


36 


33 


29 


25 










25 


3i 


35 


38 


39 


40 


39 


38 


36 


33 


29 


35 


i3 






'9 


26 


3. 


35 


38 


39 


40 


39 


38 


36 


33 




25 


i4 






'9 


=6 


32 


36 


38 


40 


40 


39 


38 


36 


33 


29 


25 


i5 






'9 


27 


32 


36 


39 


40 


40 


39 


38 


36 


33 


29 


24 


i6 










32 


37 


39 


40 


40 


4o 


38 


36 


33 


29 


24 


>7 








38 


33 


37 


39 


40 


4i 


4o 


38 


36 


33 


29 


24 










38 


34 


38 


4(1 


4i 


4i 


40 


38 


36 


33 


29 


24 


'9 








29 


34 


38 


40 


41 


4' 


4o 


38 


36 


33 


29 


24 










29 


35 


39 


41 


4' 


41 


4o 


38 


36 


33 


29 


24 










3o 


36 


39 


41 


42 


42 


40 


39 


36 


33 


29 


24 








23 


3o 


36 


.40 


42 


42 


42 




39 


36 


33 


29 


24 


23 






i3 


3[ 


37 


40 


42 


43 


42 




39 


36 


33 


29 


24 


s4 






=4 


32 


38 


4' 


43 


43 


42 




39 


36 


33 


39 


24 


i5 






25 


33 


38 


42 


43 


43 


43 




39 


36 


33 


39 


24 


s6 






s6 


34 


39 


42 


44 


44 


43 




39 


36 


33 


29 


24 








26! 35 


4o 


43 


44 


44 


43 




39 


36 


33 


29 


34 


aS 






27 135 


4i 


43 


45 


45 


44 




40 


37 


33 


29 


24 


29 






aS j36 




M 


45 


45 


44 




40 


37 


33 


29 


24 



By enbtractiiig tlie parallactic angle, for the respeotire times of beginning, 
greatest phase, and ending, froai the foregoing anglos of positioQ of the ihooq',? 
centre fram the north towards the easl, we shall evidently obtain the Bams angles 
from the zenith or vertex towards the east 

l^ hawever, fha operation be repeated for the accurate determination of the 
i.ucs of bf^nning and ending, we EhaU have in the calculations the angle .^also 
at thiiee times. Let ii, u,. Mi be the angles a[^rtaining to the beginning, and 
1,, lOo M^ those for the ending, and we shall evidently have the following values, 
■sliidi will be more aeourate than the preceding ; 
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Piirallactic Angles for the Latitutle oS GieenwEiih. 






C*-""* ■"> «s >■) 




Arguments : Apparent Hour Angle and Decllt-alhii. 1 






Hour Angle /<. 


Dec. 

Soutli. 


















„ 


. . 








>, ' = 




" 


lO 


.a 


3o 


; 


5o 


60 




80 


90 


.00 


uo 


,=0 


i3o 


,io 




T 


; 


i5 


z 


S7 


3i 


35 


37 


38 


39 


38 


37 


35 


3i 


; 








i5 




27 


3i 


34 


37 


38 


39 


38 


37 


35 


32 








S 


i5 




=7 


3i 


34 


37 


38 


4 


38 


37 


35 


3a 


28 


3 






i5 




i6 


3[ 


34 


36 


38 


39 


38 


37 


35 


32 


28 


4 




7 


iSlai 


a6 


3i 


34 


36 


38 


39 




37 


35 


32 


28 


. 5 




7 


i5 






■3o 


34 


36 


38 


39. 


39 


38 


36 


33 




6 




7 


14 




s6 


3o 


34 


36 


38 


39 


39 


38 


36 


33 


29 


7 






'4 




56 


3o 


34 


36 


38 


39 


39 


38 


36 


33 


29 


8 




7 


i4 




25 


3o 


33 


36 


38 


39 


39 


38 


36 


34 


29 


9 




7 


i4 




25 


3o 


33 


3S 


38 


39 


39 


38 


37 


34 


3o 






7 


'4 




55 


3o 


33 


36 




39 


39 


39 


37 


34 


3o 






7 


i4 




25 


=9 


33 


3S 




39 


39 


39 


37 


35 


3i 








M 




=5 


=9 


33 


30 


38 


39 


40 


39 


38 


35 


3i 


i3 




7 


i4 


'9 


25 


29 


33 


36 


38 


39 


40 


39 


38 


35 


3i 


i4 




7 


i3 


'9 


25 


29 


33 


36 


38 


39 


40 


40 


38 


36 


32 


i5 




7 


i3 


'9 


24 


29 


33 


36 


38 


39 


40 


40 


39 


36 


32 


i6 






i3 


'9 


=4 


29 


33 


36 


38 


4o 


4° 


40 


39 


37 


32 








i3 


'9 


24 


29 


33 


36 


38 


4o 




40 


39 


37 


33 


i8 






13 


'9 


24 


29 


33 


36 


38 


40 




4i 


40 


38 


3-1 


'9 






i3 


■9 


=4 


29 


33 


36 


38 


4o 




4i 


40 


38 


34 








i3 


'9 


34 


29 


33 


36 


38 


4o 




4' 


4t 


■39 


35 








i3 


'9 


24 


=9 


33 




39 


4o 


42 


42 


4i 


39 


36 








i3 


;? 


24 


29 ; 33 


36 


39 


4i 




42 


42 


40 


36 


a3 




6 


i3 


24 


^9 33 


36 


39 


41 




43 


42 


40 


37 


j4 




6 


i3 




24 


.9 33 


36 


39 


4' 




43 


43 


4< 


38 


a5 




6 


i3 




24 


29,33 


36 


39 


41 


43 


43 


43 


42 


38 


iS 




6 


i3 




24 


29 133 


36 


39 


42 


43 


44 


44 


42 


39 






6 


i3 




24 


29 


33 


36,39 


42 


43 


44 


44 


43 


40 


58 


o 


6 




IS 


24 


29 


33 


37:4" 


42 


44 


45 


45 


43 


4i 


=9 


° 


6 


„,8 


24 


29 


33 


3-i4o 


42 


44 


45 


45 


44 


4t 



jC uf J 's centre from yerte:; towards E.= <{— .) — J*" f (^") 

Tliese iingks relate to tho natural appeavaiiee or direct iroagea of tbe bodies. 
For the same angles, ds they will appear through an inverting telescope, ± 180° 
must be applied r tiiLa may be eimplj done by using (180° — 1) instead of ( — ■). 
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392 SPHERICAL ASTRONOMY. 

To find the time ■when the apparent conjunction takes pU 1 t ( ! t tl 

jntev'val, in units of an hunr, to be applied to the time of the t j t a d 

h the common hour angle of the bodies at the true conjin t Tl a th 

position of the suo, not being supposed to be influenced by pa 11 tl mm n 

apparent hour angle of the bodies, at the time of the flppar t j I w 11 
be /i' = A-|- 15°, (; imd therefore at this time, 

.=,1 i. = (j»£li)>i.(j + ii'..), 

so that tiie conditi n for apparent conjunotion, Viz. a' = a — A a = 0, gives 

for the determination of the interval t, which from this equation will be beet fonnd, 
perhaps, by the usual metliod of double position. We only want, however, an ap- 
poximate value, and may therefore avoid much uiiiieoessary labor in estimating 
this time. Tims, at the time of tine conjunction, the same appro:iimate formula 
may be adopted as used at page Sb5, viz, ■- 



a —P' - 



<D 



-(4^— )S.»'^ 



m which — applies to the moon, It ia evident, tlien, as the true poations of the 



bodies have no difference of right ascension, that A n is tlie apparent difference of 
right Mcenaon ; and consequently, as the relative apparent motion in right as- 
cension is a, — a a^ or «,— P' (^ Binl") —~ cos 7^flie con-oction t to be 
applied to the tjme of true conjunction to get that of the apparent, will he 



To facilitate ilic calculation of thia expreselon, we may use S'i' as a me 
for I" and 14° as a mean value of D. Assume, therefore, 

100 cos D _ 100 C03 14° _ [0.23103] ^ 
'" P'cosi ^"bt" cosi ^s i 

e = 100 (^ sin 1") COB h = [1.40S';4] cos ft j " ' ' 

foe which the nearest whole miraberB wiU suffice, and we shall liave 



The values of the factor/ are given for various principal places in the table at 
page 406 ; for any place not contained in that table it can be computed from the 
above expression, and used fls a constant factoi- for all eclipses at that place. The 
values of fi, SI", are also tabulated at page 405, where, for convenience, the ai-gu- 
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APPEKDIX XI. 



ir. — Formula 



Plschs. 



Before quii'.ing this subject we sliall give a method of calculating numerleal 
equations whieli will serve to determiue, with much ease and with sviffieiont accu- 
racy, ttie oiroamstanoas of an eclipse of the sun for any place eoiiiprised withm a 
oertHiD range of country. To effect thia purpose in the moat nmple manner, in 
again pvoceediug with tlie general determination of the time of a phase, whoae 
apparent distance of centres is A', ws sliall, in the expressions, aeparnte as mach 
as possible the quantities -which involye tlie position of the place on tiie eartk 
The values of the oo-orilinatea x, y, giveu at p, S87, observing tbat a — a a ^ n', 
may be put down aa follows: 

ir = [(i> + «'eorr.)-i]- A-0, 

V = acosi>'- A«C03i>', 






it relaiiva orbit, these ordinates resolved in the direction of n, peipendio 



lO the orbit, and in the direction of the orbit, will give a cos i — j/ sin i, and 
X sin ( -j- Jf <!os <' It is evident^ then, that x cos ■ — ^ sin i repi-eeents a, the rieia- 
est approach, and « sin i + 1/ cos ■ the distance of tiie moon from it, which diatance 
is estimated in the direction of her motion. At the time of the beginning or end- 
ing of the phase, the distance of the moon past the nearest approach, or greatest 
phase, will be ^ A' sin u ; therefore the moon preeedea this poaition by a dis- 
tance equal to ^ A ' f in u — (a: sin i -|- j/ 00s 1), which, divided by -^, the hourly 

motion in the orbit, gives ^ sin m ■ (j; sin i + y cos 1) for the inter- 
val, in units of an liour, to be applied to the assumed time Tto get the time t 



I, tlierefi 
= [a.55630] - 



(1) 



= TTfesi"---^(;«sin,-(-jBos.) 

expreaalng the neareat apprnaeli, we evidently Lave 



V tlie following aaaumptioi 
(-P-F«'corr.)-i 



ind, observing the above values of x and y, the equations (3), (3) will beeoma 
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394 SPHERICAL ASTRONOMY. 

Let y, iji be dctormmed by tlie eqiialionB 



snip, 5 will take the foliowiug va.lu«3; 

,= yoo.W + ,)l ,j, 

It jet temRins to deterinine the values of A j), A 5, wliicli depend on the po- 
Bitioii of the place of cbeeiTation. Adopting the notation used iu the equationa 
(a), (4), (9), (10), pages 319 and 332, we shaU have 
__ [S,3U3 9] A C OB I , 

To simplify the expreBsionn, let 

_ [5.ai4 g9] A coa II' 

_ [S.SI4i!0]^ __ [5.31439]^ , 



.D = = A'.ini-«A'cc./^^i<^lA^l 



■ - - - COS i A ,. 


' 




=..A'siiii-«A'cos;oos/. + ^A' 


.„^-.<,.i.i.». 




These substituted in [6) give 






Ap= ceos.sini-oosi[ «eos.cosA-( «eo 


.,i„i^- i.i.,). 


«J 


A 9 = ii^fl sin 1 sin l — aosl \ka sin . cos A — (t a sir 


i,t.n^"+li~.0> 


,.,.] 


TIjb value of b coiitams the factor ^^^, for ivliich iv 


ehave 




^-=CO.Ai)(: + tani)t. 


B A-D). 




Substitute the first value of tau A B, p. B70, and 






'-""S 


^ ...(/.) 
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This, supnofing cos a J> ^ I, reduces tha raluea of the c 
tol Lowing: 

[S.314ao] A ~\ 

"U-".)A' I (9) 

o = icosl>-, u = Adni) j 

If c be a small arcdeterminedbj-joos e = 6, 3 sin i; = o tan -— -, we shall have 
»eDS.tau^"-^i,sin<=3siM-' + s) = i'™3O0'' + .-e): 

fco siu . tan -^ + t J 003 1 = Jt? cos {< — s) = Sj sin (90° + < — s). 

Howerer, as e must always be a very small are, we may suppose cos e=:l 
also g^b, and, « being expressud in minutes, 

e = — , - . ~ = --- . A a = r7,920B] A n sin D . . . , (10) 
If therefore 

X = (90° + ') — '^ (11) 

the Tiilues of a p, A j, will be 

Ap = .eo..Blni-co.;(«eos,eoW,-*™3^.iu^) 1 

A3 = tflslu<6iiii — coa^iaain.coBA — Aftainxsiii/O ! ^ ' 

Assuma now 

X := tha longitude of the pUea, + east, — west. 
£■ = the true hour angla of the moon, for fbe meridian of Greenwich. 

/cos{^'-if) = «<:os, I (13) 

y'&m(>p' — II)=^b coax* 
L"—kt sin 1 ) 

y cos(^"-Zf) = iasm. [ (14) 

y"sia{4'" — H)=&bsinx > 
and we eliall Iiave 

Ap = L' i\al — Y' QOBlcosii^' +h — H) = L' ^ial — y' cos / cos (./-■ + X), 
AS = i"a;ni — /'C03icos(if" + A — fl') = i"ein; — )-"co.^/cos(i^" + »); 
GO that the equaliona (6) wiU become 

cos."=p-i'Bini + )''cos;oos(V.' + X) ) , , 

( = (3'_g)Ttsin« + i"siai-/'coaZcos(^" + A)f ■ "^ ' 



After computing tlie constants k,p, g, L', L", ^', ^", by raeims of the equations 
(1), (1), (8), (0), {10), (11), (IS), and (U), We shall thus haye two numerical equa- 
tions for the di) termination of u and tlie Greenwich time t of tlis phase, for any 
place whose latitude is I and longitude \ The accuracy of tha determination will 
principally depend on the prosimity of the reaultii^ time t to the asaunieii tjma 
T; and therefore the reauit will be near the truth for all places where the pliaae 
will take place near to this time. 

In mating these calculations for any particular portion of country, which for the 
pai'tial phase will be necessaiy for both tlie beginning and enfling, it will be best 
in the first inatnnee to fix upon a place near the cf ntre and compute the eelipae 
for that place, which computation will furnish good moan valuea for the data D, 
t, i, a corr, A Z>, A o, i, 'ji, A ', A, and comp. log (1 — ni). 
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Byeupposing j-X'^r-i', r'^lFZLz"] ■ ■ ■ ■ ^6) 

- X'' sin ; + y" ooa ? Cos (^" + A), 
will take tlie fovins 

f [Bin/'sin;+cosr<»B;cos(^'+A)], 
i" [siD i" sin i + cos i" C09 i cos (>;•" + *)] ; 
and, without the factora f, |'', will represent the sosines of the distances of the 
pi'oposod place from two other places whose latitudes ace I', I", and west longi- 
tudes ^', i)/". The former of these two places will be near tothe southern pole of 
the true relative orbit^ and the latter will bo near to the orbit itself, and will pre- 
cede the mooH by a distance nearly equal to 90°. 

For purposes which do not requiro great minuteness, thi; preceding equations 
will admit of some simplifloation hj neglecting the sioflll iiiigle (. Add the 
squares of the equations (13) and (14), obseiving that e' + o' := 6', and 

which give tlie general relation 



Z""+y"' = k'b''; 
which united with tlie equations (16) give {' = h, f = S b, and hence 



n {V-' - ^) = - 







s\aV 


= _ 


cos D Cf 






— J sin 
sin/' 


i(^'- 
in r ; 


■ cos J 5 
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These may be employed instead of the eqnatibns (13) and (14) ; or the eqiia 
(18) sad (14) may be adopted in tbeb reduced foira, via. ; 






|j ee, (*" -m = •'•• -!> »" . 

H "■■(♦■ -"> = "■■ 

D which the ooefaoienta c, a, will not be required. 



Ill,— Tii»N3 



F Mes 



Vexu 



E Djsk 



These phenomeiiii are, in many respects, nnalogoua to that of nn annular eclipse 
of tho saw, and admit of a similar calculation ; the principal tliatinction consists in 
Uie negative sign of the relative motion of the planot in right aaceneion, whiek 
will make the inclination of the orbit always obtuse, and therefore render soma 
modifications neoeasary in the determination of the partienlar species of tlie other 
angles whioh entev into the computalioii. To aToid any confusion that might 
thus arise, we eliall adojit the sun as the movable body, and refer hia positions to 
that of the planet -which we now suppose to be stationary. Thus, 

6 ^ the o's deelinatjon; ^ 

B = the planet's declination ; 

IT = tlie O's equatorial horizontal parallax ; 
P ^ the planet's equatorial horizontal parallax ; 



= (^'4 



right aE 



rr.)- 



IS iJiat uf the planot ; 



IS that of the planet ; 
IS tliatofphiuet).co! 



Xi = the O's motion in declination wi 
yi = (o's moUon in right ascension » 

and 80 we might proceed as with nn eclipse of the mm, only observing that the 
relative parallax /i (i — P) is a negative quantity, and that the positiona of the 
contacts on the limb of the snn, as in the case of an occultation, will be at points 
opposite to tliose which come Out in the enlculation. However, as the relative 
parallax is always very small, the ingress and egress of the planet will be seen at 
all places on the earth at nearly the same absolute time ; it will, for this reason, 
be best to compute first tlia ciroumstances for the centre of the earth, and tiien to 
aeoetfaio the small variations produced by parallax for any assumed place on the 
anrface, which may be readily deduced from the precedmg equations for the rediic- 
tmn of an eclipso of the sun. Let w, ((}, be the vjilues of m, t, for tlie centre of the 
earth, and, by separating ilie effects of parallax from tlie equations (6), 
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(0 = {y"!)=FA-smw, 
A oos w = A JJ, A i = — A J T ^ A ein W. 

Bat, aa the quantities A.ooaw, A sin w are Terj email, A sin w = — A cos w -: — 
that is, A sin TT = — A p ■■ ■ - ■■■ Therefore, 

At = — Ag±k Ap-. = ± (kAp T A ?)■ 

, A g, nccording to the equatioi 



Iq thig exppeaaion substitute the values of A Pt 

(IS), and we find a ( = 

^r. »[-,Tw) ..__,/. o^-^Tw] 



n wliieh i = 



,_h_~n- 









■■[-«Tw] 



; 6 e!n J. 



')]■ 



Because of the smallness of the parallax, the angle ewill not be apprsciable, and 
consequently x = 90° + I, eo3 [^x T w] = ain [— ■ T w]. We shall thertfora 
have for the time of ingress or egi'eas the foilowing general expraaaion, iu which 
tha terma within the brackets depend on tha position ef the place of observation ; 
ako the upper signs apply to tlie ingress, and tlie under aigna to the egreaa, 

!ltid.b,-(.in.=!it'|^™J-'i^,Sl.ini)«,] 



Tfc6|. 



Assuming ^' = 



— , this expression will resolve into the foiloiviug : 



•A = [3.556S0] 

-<i±i^''-t:? 



(0=2'— gTAsinw 



|J«o,(t-_7/) = .o.[(-,)Tw]si.l 

|;.in( "-■« =,.in[(-,)lw] 
= W T [/' f les i eos (f + »)- i" , .in I] 
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For contact of eantre of planet ■wil.h 0'a limb, A ^u; 
J denoting tbe true Bemi-dianieter of tlie planet, and « that of the enc. 

The eijnationB (a), (6), (c), (J) will serve te deteraiine the ooiistfinta (i), r", L", 
ij/", for the times of ingreaa and egress, nnd then there -will reenlt two numerical 
equations of the form (e) to reduce the phenomena to any place oq tha earth's 
surface. 

For the pomts on the limb of the Enn, wa shall liaye 

Al \ "»'- ( , ..gl. tarn N. lomri. F. = i i;"°I ~ '! 7 ' ! '•' ""» i^'S'' 
( egTEES \ ( (180 — i) + w t 



■■i':;);:!'-""""" 



■which will be suEBoiently accurate for all places on the earth. 

The time Tmay be oaanmed near to the time of conjunction in longitude, or 
right ascension, as it may suit convenience. For Mercury, if very minute licciiraoy 
is wanted, it may be necessary, for more correct values of (i), to assume two times 
2" near to the times of iagrase and egi-ass ; but it is very questioniible whether 
Bneh a precarious extent of occnraoy would aufficiently recompense the tima ei- 
pended on the calculation. 

IV.— OOCULTATIOSS OF Stahs BI THE MoON. 



These may be calculated in tbo snme manner aa eclipses of the sun, the only 
difference in tha operation consisting in ihe star having neither motion, parallau, 
nor semi-diameter. But where great minuteness is not wanted, tlieee particular 
circumatanees will afford some i^egree of aimpHficatLon to the expressions, if that 
pnrallax of Iha moon be adopted which would answer to the star as an apparent 
place, since this parallax, at the times of immersien and emersion, will then ba 
precisely that of tbe respective points of the moon's limb which come in contact 
with the star; nnd thus ihe augmentation of the moon's eemi-diameter will be 
evaded, so that the true semi-diameter may be employed. For this novel an3 ju- 
dicious expedient we are indebted to Carliul— See Zarh's Corre^ondance, voL 
jcviii., page 528. 

As in the case of the sun, let I denote the decHnation, and h the hour angle of 
the star, and let P represent the equatorial horizontal parallax of the moon. 
Than, for tbe effects of parallax in right asoenaion and declination, we must sub- 
stitute I for D', and A for h in the formulae (2) at p. 8*18, which thus become, dis- 
regarding i aK 

As soon as the immersion takes place, these expressions will represent tlie parallax 
of that point of the moon's limb which is in contact with the star | and therefore 
the application of this parallax to Ihe centra of the moon will produce an apparent 
distance A' of the centres, equal to the iriie semi-diametet s of the moon. Also 
as the star, in the course of the oeaultation, is only affected with its apparent dinr- 
nal motion, the hourly variations of the above values will bo 



-dbyGoogle 



too SPHERICAL ASTRONOMY. 

n which — is IB" 2f 28", the hourly diurnal motion of the earth, and therefor. 

if-' ■ „ V 



,aosl~ 



ml' 



Vi. 



iW 



,si> 



It cofffieionta depending on tliu latitude of tlie place; then 
A », _ — -^ cos h. 



ssh).P, A A = *l". J'BinJsinA. 

ise COS S instead of cos S, the ralues of x, y, it 



(2) 



Al> = (fmcosi — 
If, in the Tallies of A o, 
jFi, p. SSI, IV ill ijeoome 

a =:(i) — J)--(fls).Peo8J — ^(D.PainicosA) ' 
y =«oo3i — ^(D.Psin A 
El = J>, — J.l!l . J> Bin i sin h 

y, = o, coHi — 0l!l. Pcoa A 
in which we have disregarded the a coiTeotioii. 

With the values of x, y, 21, y,, so found, wo may then proceed with the etjua- 
tioiis(lG) and (18), pages 387 and 388, as in the case of a solar eclipse. 

This metliod is simikr, and, as far as B.scuracy go«a, the same as the recent 
method of Professor Eessel, wJio divides all the quantities by the eqaatorlal hori- 
lontal parallai: of the moon. Ha aeaumes 



-Oi 



BO that if we cluinge tlie signification of tlie symbols x, y. ii, yu and suppose them 
now to represent the preceding values divided by P, we shall have 

'='— ■ '■=<-'',{ {»i 

'Hieae values being adopted, in proceeding with the eqtiHtions (16) and (18) we 
must use a' ^ -j^, the value of which, according to Burokhacdt's Tables de la Lane 
(Paria, 1812), p. 73, is [3.43637]. Much facility is thus given to the OEdeolation 
■jf occultutions, for different places, if the values of p, q, p', </', which aio iudcpcn 
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Jeut of goographieal position, ara published ; but if these quantities are to be pre- 
pared bj the computer, the equationa (a) will be more simple and advautageous. 

The chief diffioultyiii ths calculation of oeoulta- 
tions, for any particular place, rests in the Bolection 
of the list of stars ; in the course of aoj year a grent 
number will be liable to oooultation on tl e earth 
generally, tliongh tlie majority of them w 11 n 
occulted at tlie particular place for which the epeo al , 
calculations are to be made. It will tJ ei 
espedient to reject such stars as may at d ff rent 
stagea ol Ihe calculation be shown to T ulate any 
coaditious necessary for the existenca of tl e occulta 
tion, its appearance above the harizon, ot ts exen p 
tioQ from the glare of sunlight. For t! e ^e eril 
list wo may observe, that the difforence ol de 1 
tion at the titne of conjuuetjon must be w thm t 
limit of about 1° SO', and that all atars, whose ci 
junctions with the moon occur within f vo d js 
new moon, may be omitted. In the process of esclu 
sion for the particular place, the first and ost pal 
pflble condition h, that at the time of conjun 
the Bun must be below, or near to, the hor a( 
mare than half bq hour above the horizon, the occul- 
(ation will surely be useless; another coudition is, 
that the star must be above the horizon; a 
satisfy this, the hour angles at the times of ii 
siou and emersion must be less than ite semi-diurnal 
arc. The value of tlie hour angle at the time o 
apparent conjunction may be determined by increas 
ing that at the time of true conjunction by the quan 



tity- 



■/-«■ 



ording to the tahles oa pages 401 



t may be observed that this hour 
angle must not eKpeed the Eemi-diurnal are by more 
than half an hour. For the latitude of Greenwich, 
the semi-diurnal arcs, allowing 33' for refract 
the horizon, are shown in llie anuesed table. 

As a final test for the esolusioii 
stars, it is useful to calculate tlie esrtreme limits of 
latitude between which the star will be visibly oi 
eulted on tlie earth. These will evidently appertain 
to the extreme northern and southern points of the 
northern and southern limits of contact, determined as fur a solur ecli^jse. a point 
in the northern or Bouthem limit wiH depend on the. formulffl Noa. 27, 2S, pages 
859-80. Thus, , 



Dec 


Sem' r ra 1 -ir f ' 
tl e Lat da of 


of 










J> 2f i\D ^ tl\ 






b n 




6 4 ^ 


b 4 




„ 9+ 


"»" 


a 


4 ^ 


'^ ■. 


3 


" 9 . 


5„ ' 
-3 I 


4 


6« t 


5 


"9 I 




6 


63 ' 


"3 I 


7 


6o, 


5 28 ' 


b 
9 

i3 


6 5° 5 


3 
4 56 6 


14 
i5 


Vi « 


tit 


i6 


'=» I 


4 4. I 


i8 


,34 I 


'9 


7 47 ' 
,53 6 


4 2. 




■"' 6 


21 


8 o ^ 


4 9 ' 


s3 


8 « ''' 
8 i3 I 


t.l' 


25 


8 21 

8 28 ' 


3 4, ' 
3 41 


j6 


8 35 I 


3 34 ' 


=8 


8 44 " 
8 53 9 


3 25 ^ 


=9 


■> ■^' 


VI 9 


3o 


, .,+"■ 


3 0-9 



M= — ' . 
COS U' sin Z . 
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It U now onr object to aectirtain wliat vnlue of u' will render tlie yalua of I, so 
deduced, a maximuin or a minimum, and what will be the corresponding value of I. 
Let f be an arc determined by tha equation, 

(,o.Z = oo.V.Inw («) 

Then by uniting with it the equation 

cos u.' sin 2 = 003 w (7) 

we infer that 

sm.'.li,Z = .In#,ii,» ,......, (8) 

beoanae the sqnnres of these three equations added together will give unili/ ou each 
side. By these equations we shall hones have 
siu D' eoa Z= sin iJ' cos * sin w, 
sin Z COS M= ain Z (cos ' cos «' ^ sin i sin »'), 

= (cos «' ain Z) cos , T (si" *' sin Z) sin i, 
= CM<coswTEia<sinjsinw; 
and, oongequeutly, 

sin <( = cos Z>' COS i cos w + ain w (sin I)' coi f T cos S' sin < sin ,p), 
which now involves only one variable f. Again, aaaunie two ares, ff, if, which will 
fulfil the equations, 

cose cos .i = Bini3' (S) 

cos sin 4: = ± eos I)- eia I (10) 

A tiiird equation will follow from those, via. ; 

sin = cos i)' COS. (11) 

because, as before, tbe squares of these three equations will together mako finily. 
The value of sin I will now become 

The angle «i + if* being tlie only variable in tliis espression, it ia evident that the 
greatest valne of t will liave ^■-j-i/y;=0, and the least f^ip^ 180°. Therefore, 

Tliese would be the extreme latifudea for the appearance of the occultalion if the 
earth were a transparent bndy ; as this, however, is not the case, it will be neces- 
sary that the star should be above the lioriaon, a condition not included in the 
preceding equations. The zenith dist^ice Z must not exceed 90°, and therefore 
DOS Z must necessarily be a positive quantity. 

By tlie equation (6) Cos Z most have the same sign as coa f, and this must he 
the same as + coa i/i for northern limits or — cos li for southern limit, because ia 
the former case ^ + i/' = 0, and in the latter ^ + i^ = 180°. But, by (9), cos ■f, 
must have the same sign as B'. Consequently, 

Tor I ^l^lla \ ''""'*' ^°^ ^ ^^^ "'^ ^'°'^ ^'ff" *^ I — P. 
Jt is evident, therefore, that the extreme northern limit will have the star below 
the horizon, and be excluded vhen I}' ia negative, and that for the same raason 
the southern limit will be excluded when D' is positive. Thus the only admiasi- 
hie exliotnc limit will be determined by the equations 

asiiig upper signs when D' is positive, and under signs wlicu !>' h negative. 
The other limit for the actual appearance of tlie oocnltation will cvidenOy be ona 
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of the two plaeca where the otIiGr limiting line meeta the rising and Bettiu^ lirnits, 
and -will be determiael by 

using, as before, upper signs when B' J3 positive, and under signs wlien D' is nog- 

The equations (11), (12), (13), for oonvcnionco in determiQing tlie species of Cta 
angles, maj be put in the following form ; 



sai,^Tcos2)'co3{w,— .) J 

observing that Wi, ws, 9, and ', must here take the same sign as D' ; also, 

"PP^' !- .inns when D' is \ PO'i'iy^- 
under f ^ v.i c j^ . j negative. 

These foimulie are applicable to a solar eclipsa. For an occultation of a 
star by the moon, P' will be the moon's horizontal parnlbix, and a' her sami- 
diameter, which, as these limits are not wanted very accui-ately, may be regard- 
ed as true quantities ; also, we may ne/glect ii and so take i instead of D', Since 

— := [B.435S7] :^ ■i'l'Hi, the formula for an occultatlon will hence be 
tan , = -^^-f « = {JiS dec.) cos t 



in which wc also give to the angles w,, w,, i, 9, the same sign as J, and use upper 
eigus when i is positive, and under signs when i is negative. "\Y« may also ob- 
serve, that, 

1. When i is north, I, is the most jiorthem limit ; and when i is south, I, is the 
moat soutliern limit. 

3, When Wi is imaginary, h will be BO°,,aad ot the same name as S. In tbia 
tase the oe«ultatioQ will be visible about the pole of the earth, which is presented 
to the star ; the visibility will extepd beyond the extremity of the disk of the earth 
as it woulii be seen from the star, 

S. When ws is imaginary, U will be the complement ot !, and of a different name 
from J. In thia case, if we consider the disk of the earth as seen from the star, the 
visibility of the oeoultaiion will extend beyond that extremity of the disk which 
has the pole on the other side of it 

After an ooraltation is computed fo any pa ul place, if we deduct the star's 
right ascension from the sidereal times n n n and emersion we shall gel 

the houranslas of the star, 4-We3t — Eas By mparing these hour angles 
witb the semi-diurnal are of the star, w an d □ y ascertain the positions o( 
the star ■with respect to the horizon. 
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V. — Eclipses of ibe Moon ht the Eabtu's Suadoit. 

These may be also resolved in the same way as those of the aim. The absolute 
poHtiona of the inoon and shadow being independent of tlia position of the specta- 
tor on the earth, the determination of parallaxes will be here uunoccssarj, which 
much Biniplifies the calculation of these eclipses. The considerations requisite to 
he attended to, by way of distinction, are the following : 

Semi-diameter of the shadow ^~(p'+^ — ^). 

Semi-diameter of the penumbra ^ — (P" + r — r) -j- S o. 

Right ascension of cantra of shadow = that of the sun ± 1 S''. 

Declination of centre of shadow ^ that of the eun toilh a contrary name. 
The fignre of the earth being spheroidal, that of the shadow will deviate a little 
from a circlo, so that, to hare a mean radius, the horizontal parallax of the moon 
must be reduced to a mean latitude of 4B°. This will give 
F'= [9.99923] i": 



P denoting the moon's equatocial horizontal jorallax. 



With these we compute according to tlie equations (16) and (IE), pages 38t and 
888, observing the following valutas of A' : 

^•^ I Tte'iia? [ *^°"'^^* ■"'"^ ahadow, A' = aemi-diam. sliadoiv ± b. 

> contact with penumbra, a' ■= semi-diani, penumbra ± t. 



For 



The angular positions of the points whero the contacts take place will ba esti- 
mated on tha circumference of the shadow or penumbra the same as they were 
before on the limb of the snn. These angles wiU tlierefore be in a reversed posi- 
tion on the disk of the moon, and consequently aa thej come out from tlie compu- 
tation will have reference m the first instance to the inrerted appearance of the 

The relative orbit of the moon, not being affected with parnllax, will not sensiblj 
deviate from a great circle In tlie course of the eclipse ; and hence the assumption 
of the particular time, on which to found tlie calculation, will be but of little im- 
poiiauce : any conyeuient time may be assumed near the time of opposition. 

It will be unnecessary to add any further remarks. We shall conclude this pa- 
per with a tabular recapitulation of the formiiliB which relate to the phenomena 
for a particular place, in which eclipses of the moon, for the sake of clearness, are 
IpTen separately. The object of this table, like the former one for the general 
eclipse, is to simplify and espedite, by an easy rafercnoa, the actual operations of 
the computer. 
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I. EOLIPSB OF THE S 



.. h ^ apparent time of true r^ in K. A, t 



Table for 


reducin 


g the ;. 


ue to the o/tp. <J in 


I. A. 




Hour Angle 




Hour Angle 


i 


em 


_- 


eaine 




sama 


at true d- 


H 


S 


Bt true d. 


+ _. 


J: 


H. m. 


IL m. 






h. III. 










!l 5o 


j5 
a5 


-1 


3 


\l 


17 


7' 
74 




Ao 


25 


,! 




40 






3o 


3o 


25 


3o 


3o 




79 


5o 


lO 


a5 

25 


22 


5o 


10 




84 






54 


26 


4 






87 






24 


3o 




7 5o 




89 






34 


34 




4o 




9^ 




3o 


i3 


38 


3o 


3o 




9a 






23 


41 


40 






94 






11 


4fi 


5o 






95 








5o 


5 


7 




97 




9 5o 




54 




C 5o 




98 




4o 




57 




4o 




98 


3o 


3o 




61 


3o 


3o 




99 


3 


9 o 


'9 
19 


G4 

68 
71 


40 

5o 

S 


6 








Then, Zdeuotiug the approximate i 



;n -which a, must be used in 11 



ing on the latitude, which, for aeyeral principal obeBrvatoriefl, is, for oonvenienos 
included in the following table ; 
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Auxiliary Q 


uantitioa depending on Googrephical Poaitioii. 


Place. 


p cot; 


eosl 


/ 


longltuda. 


Aberdeen . . . 


9 99900 


+ 9 81389 


9 73637 3 


12 


W. "s' 23 


Altona .... 


9 


99908 


+ 9 


87 .33 


9 


77576 = 


85 


E. 39 47 


Berlia .... 


9 


99910 


+9 


88751 


9 


78603 s 


?? 


E. 53 36 


Bedford. . . . 


9 


99911 


+9 


89345 


9 


78974 2 


W. I 52 


Oambcidge . . . 


9 


99911 


+ 9 


89231 


9 


78903 3 




E. 24 


Gape of Good Hope 
DiAlm . . .. 


9 


99956 




17494 


9 


91980 3 


o5 


E. 1 i3 55 


9 


99909 


+ 9 


87385 


9 


77737 a 


84 


W. 25 22 


Edinburgh . . . 


9 


99902 


+ 9 


83356 


9 


75001 3 


o3 


W.o 12 44 


Greenwich . . . 


9 


99913 


+9 


9o38i 


9 


79610 2 


7a 




Ormekirk . . . 


9 


99908 


+ 9 


9 


77549 2 


85 


W. 11 36 


Oxford .... 


9 


99912 


+9 


9 


79340 2. 


74 


W. 5 2 


KenaingtoQ . . . 


9 


99913 


+9 


90340 


9 


79586 2 




W. 47 


Milan .... 


9 


99928 


+9 


99577 


9 


84736 2 


42 


E. 36 47 


Paris . , . . 


9 


99920 


+9 


94451 


9 


81997 2 


58 


E, 9 22 


Slough .... 


9.95913 


+ 9.90337 


9-79584 2 


72 


Vf. 2 24 



2. The time T being computed to the nearest minute, take out the correapond- 
ing values of P, ir, i, 6, from the Ephemcria ; nnd preparo the coustanta 

c = [4.6S556] />, 
^ = c(P — t), m = Acwl, 

s = [0.43537] F. 

3. Take out D, i, 0, 3,, a„ for tlio time T. 

k := Eidereal timu at place minus D '3 right aBOenaion, to the tenth of a miuute, 



A a = [B.31439] h sin h [ooit. for n], 
A «i = Q, H, A iJi = Q, sin A. 

Correction for n to be taken fram the table on pnge ; 



cos (8 + .0) -S ■ 
aine aeiniondc with h. 
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n,=A eii 




A.n = 


= [5 


314S91 AB 


[corr. 


for «.]. 


For- 


( partial ) 
1 total or annular ) 


pU^ 




,' + , 


h 


Corrects 


.d for «, 


to be tske 


n from the table i 


jnpag 


;e 383. 


D' = J>~ 


aJ>, 






«' = ^ ^ A 0. 




i, = (^_ 


A ,) ™. 


iH', 




Ji=(".- 




cos S', 


;. = (ii' + «'™rr 


■) — ^. 




a:, = D, - 


■ Ai), 





«= jroosf:-(s+')]. 



= [-(s+0]- 



= r+J 



Time of greatest phase = i avim of times of beginDing and endiog. 
When fl. < s' — a, the eclipse will be total if s' > o, or aonular if a' < a : in this 
case these last equations Hfo. "J must be repeafed for this phase with a' ^ s* '^ r. 
the results of which ought to give the same time for the greatest phase. 
Talte A ' for psrtial phase, and 

Poi-tion of sun's disk eclipsed = A ' — n. 

Magnitude of eclipse ^ -— — -, the sun's diameter being unity. 
8. For the positions of the points of eontapt on the limb of tlie sim, 



I beginning ) 



,ngle from north t( 



ending 

For the posifion of the inoon'a centre at greatest phase, 

Angle from \ ""' I towards east = ■! ; '' , , f for direct in 
( vcrfos ) { {^i)^M ) 

A.gfc „om ) ;"■' ( ,„rt ...t = j J"°: -;'_ „ I for ». 
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9. For a more accurate calculation of the time, &e., of beginning of the partinl 
pbsse, asEuiBe a convenient time near to the preceding determinntion. Tot this 
tim«, take out the quantities I>, Di, i, a, a,, from the £phemei^ ; and proceed as 
in Noa, 3, 4, 5, 6, 'I, omitting b, <s, and the timea of greatest phase and ending. 

Let M,, 1,, Ml, be the Talues of the angles in this computatioa ; then, for the po- 
Bil.ion of the pomt of contact on the limb of the sun. 

Angle from ■) ""' [ towards the east := ! J^'"' "' rr c^"'^ direct image. 

Angle from \ '"'^«' [ toward, the cast = S (180=-,,)-., I for ™..r;^ 

* } TCttex i ( (180" — 1,) — uj — Jf, ( image. 

10. For a more accurate calculation of the time, Ac, of ending of the partial 
phase, assume a convenient time near to the first determination. For this time, 
take out the yalues of D, P,, I. i-, ",; and proceed as m Roa, S, 4, 5, 6, 'I, omitting 
a, 1,, aud the timea of beginning and greatest phase. 

Let M^ 1^ «i, be the angles in this computation ; thou, Tor the position of the 
pomt of contact on the iinib of the sun. 

Angle from J '""'* i towards the east = J f "\i°"_ w- | fo'' rfi'f f ' imi^e- 

. , , (north ). J ,. / ((180° — <i) + '»a ) !or inverted 

Allele from-! !■ towards the east ^ J ;,„„d i, „ f ;„,„„= 

"* ( vertci: ) I (180° — ij) + m — Jf, i image. 

:i. FOKMUL.E FOR KEDUCTION TO Uli'PEllENT rLAOES. 

11. Instead of Roa 5, 6, 7, subatitute the following; 

Z>' = J}—aJ), =' = -— a., 

a, — Z>i _ A I>i. y, = (fli — A 1,} cos D', 

tan 1 = -, k = [S.ES6301 ^ ""^ -, 

^ecs0= '-" + "' 7'-->-^ , ,,in^=l^l^. 

T—q — T. 

12. J = [HH,i]^t=orr.for.O, 

e m minule^ ^ [1.9208] A ■■ sin D, x = (BO" + i) — ft 

18. E= the true Grcenwidi hour angle of J) at the time T. 

6 kb . ^ 

t CO, (f _ ff) = ,m 2) CO. ,, ^ CO. H," - 77) = .m J) .to , 

|'«,(f-ir)=.o.» |^,intt'-77) = .m«. 
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14. The conatanta T", k, p, U, L", y', y", being so computed, Uie angle « anJ 
(he time t of the phase for any place whose north latitude is t and «ost longitude 
X, will be determined by tha two following equations, in which tho upper sign re 
lates io the beginning and the under sign to tlie ending. 

COB « = p - i' Sin ; + y- cos i eos (A + ^•); 

t = T ^ k an + L" siu I — y" eos I cos (A + ^"). 
The result will bo the most accurate when tha place is near to that on which 
the previous part of the calculation is founded. 

m.—TEAHSIT OF MERCTJKT OE VENUS OVEK THE DISK OF THE SUN. 

(Same notation for the jilanet aa for the moon.) 
IE. Assume the time 3" near to the time of cooj unction in longitude, or right a» 

a ^ Bun'a right ascension — planet's right ascension in arc; 
"i ^ hourly variation of a ; 
Di =^ sun's hourly motion in declination minus that of Ihe planet. 

For j ^^°^^ } contact ^fimbs. A = j ^ + ^ 

For contact of planet's centre with sun's limb, A ='] 



■ 


A ' ^ 


■ A ' 


:rc 


a^{^ + >). 


5 = i,.i„ 


otr 


ue Greenwich liour aiij 


:le of at tlie ti 




r=ii, 






£=::.. 


»[(-')Tw]| 


j;^- 


laW" — //) = 6mico 


■[(-.)T»]! 


ri«' 


«(*"-//) = »..[(- 


~,)T»]. 



17. Then, for the centre of the earUi, 

(i) = (3'-j)TJ:aii>w; 
and, for any place whose latitude is I and east longitude \ 

1 = (1) T [y , CO. i 00. (X + (.")- i" , .In 1], 
using the upper signs for Ibe ingress, and the under signs for the egress. 

The positions of the paints of ingress and egre^a, eatiniated fro]D the north point 
of tlic sun's limb towards the east, as the transit would be aoen from the centre 
of the earth, will be determined in the same manner as for the immersion and 
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of an occultatioB, No. 10, using w for m. These angles may be assumed 
be the same for any place on the surface, the effect of parallax being bo very 



rv. — OCCULTATION OF A STAlt ET THE MOON. 
Geneeal Lisnra of Latitude. 
18. ■ («i and J), at true 6). 

tan 1 = • '—, n = (diff, dtic.) cos ., 

w„ w^ ., B, same sign aa i, 

When, wi is Jni|)ossible, h ^ 90°, with the same nawe aa i. 

When wi is impossible, h ^ complement of i, with different name from i. 

Calculatios fou rAivrioi;iAtt Place, 
10. For the latitude of the place prepare the coQstauts 

9(11 = p 00a I, <!}'■'> = p sin i = -^ p> = [9.41D16] i>"\ 

which will serve for all occultations at tliat place. 
For the time of true d.find 

h := eidereal time at place — right ascension of star ; 
and thence determine the time 31 aa in No. 1. For this time take out the quanti- 
ties F, s, D, D„ 0, -i ; pnd compute 

a: = (i)_i)_(#I!) . p C0S3 — *l") , P Bin ^ cos ;,); 
'^ =DC03i — f'lPsinft; 
a:, = i>i — #<=1 .Faini sin h ; 

With thcBO proceed as in N03. B and "J, using a' = s =^ [9,4383*7] P. 

"fl F tbe pos't'ons of the points of immersion and emersion on the limb of the 
^ 3 ram El ) gigfron,n(,i.Oitowardaeast=-i J|^°°~]|~|^lforiii«tiimnge. 
A j ""^ "[ anglefromnorthtowardseast= -j J"''"" [for inirerfeiiimage. 

F n glca from the vertex we must dednct the parallactic angle for 

2 If calculatiun is wanted, proceed aa with a solar Cl^lip8e. 
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V, ECLII'SE OF TilE MOON. 

e near to the time of opposition ia longitude 



a = B 'a pight ascension mmus(0'9 right aacenaioa ± 12"), inaro; 

at ^ hourly mutioa of a ; 

X = (D's dec 4-" eorr.) plus O'a dec; 

y, = «,oos P'ad™. 

/" = [9.99930] P. 

Semid. shadow = — - {J" -\- n — n), 
Scinid. penumbra = -- (P' + t — o) -|- 2 d. 

For I f„4Tnd \ ™'"^^' "'*'' ''""'°~*' ^' = ^'""'^- '''"'^°" 1 i [ '• 
For j ^^^^^ [ contact with penumbra, A ' - semid. penumbra { + J s. 
The remaining computation aa in Nos, 6 and 7. 

24. For the positions of tlie points of contact on the limb of the moon, 
At -j "°"<i^^*"' I ^ ang]a from h". towards E. = j p^''„ ~ '\ X " ( ^*"^ '^''^''' image. 
At ] '"'"«';^">" i, , angle from K. towjirdi E. = ] J~ '| ~ " I for inverted image. 
At tjia middle of tko eclipse, 

Z cenL shadow from S. towards E. = j ^^^° ~ '^ I for \ f"''' \ image. 

To get the SRme englea from the vertex, the parallactic angle mus 
for the respective timea. 
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Let it te required to calculate the circumEtEnces of the eolar 
1830, s,& it Tvill bo seen at the ohserriitory of Edinburgh. 
The elementa of this eelipse are stated at page S62, 



Greenwich sidereal ti 



Longitude 
Edinburgh wderea! )i 



[3 3j 58-0 
15 43-6 P 



e at Grc 



wLchl" 



i4-4 o, 
Sun's right aMeneion at d . . . . 3 29 a5.2 / 
Hour aogla ft at Greenwioh mean noon — 9 10-8 
(Greenwicli moan time of d . . 2 ai as-j 

( Aeeeleration 

A at (J - . . , + 5~l"3 '. . e + 2i_ e{') H- 55 ( + 

",■/— 6+ 63 5o^ 

4.6 



, ■/ 8 



Greenwich mean time of true d 


. 3 


2( 




((n-^(„,./_ 


) ■ ■ 


. + 52 




T 




. 3 i3 




CONSIA 


TS. 










. -) 


99902 


T . 


54 23.4 




- 4 


6!i555 


« . 


8.5 




- 4 


68457 


— 7, . 


54 >4-9 




. 3 


5 1 254 


g-P - 


3-5i3fi7 


A . 


. 8 


1 971 1 


c-nst. . 
gs . 


9-43537 
2-94904 


eosi 


■ 9 


75001 
94712 




j5'49"-9 


a 


. 4 


7172 


i + 




sini 


+ 9 


5l31 






Q, 


+ a 


1704 


Computation FOtt 3" i3 


", Greenwich time. 


933 43 


i + 18 


58 29 


+ 23 49 


9 19 








, -f 27 43 



Edinburgh sidereal time 1 
Sidereal equiiraleut for ■{ 



. +75" 39'. 3 
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m . . 7-947" 
eosJD . . 9-97418 

k . . 7-97=9^ 
C03/. . +9-84446 

„ . +7-81740 

e. . - 4-717= 
log . . +5-5346 
A =, . + V4^" 


oonst. . . 5 ■3, 439 

7-97-J9'l 

sill A . +9-85440 
eorr. forn . ;86 
jlog . . +3.14459 
[a" . +i3'i5" 


1 A A 


+ 9-8544 

. + 9.1764 
. + =.o3->8 

- + l' 47" 


A . . + 4°5 39-3 
4Aa + 11.6 










(A) . + 45 50-9 . 


cot i . . 
tan (A) . 

tiiUj/- . 

Un(e + i)) 


+ 9 

+ 9 


B4:>9() . 
83256 


e 

B 

check 


+ 9-84396 
, + 9-750OT 


9 + 25 50-9 

n + 1933.7 

e + P + 44 54-6 . 


+ 9 

+ 7 
+ 9 

+ 9 
+ 

+ 9_ 


67552 
""631 56 

85o,7 


. + 9-59297 

. +9-8ii58 


M-i-3i 54-5 . j 


78(39 
oiaEfi 

79435 


+ 9.78139 


+ 9 
+ 9 


9^885 . 
99864 


. + 9-92885 
. + 9-88273 


. + *. i4.3. j 


A . 


+ 9 
+ 9 

+ 9 

+ 8 


92749 
88273 


B 
mn: f 


. +9-8ii58 
. + 5.31439 


( 


'971 1 . 
00733 


5.12597 

. 8.197.. 

444 








jlog 


3.32752 




log. . 

log . . 
s' . . 

a' . . 


. 3" 


94904 

444 


A J), 


. + 35' 26" 


i 


_95348_ 




1 

Partia 
Anaul 


58". 4 
49 .9 

48 -3 

5i .5 


- +9 '9 

. + I 47 
. +7 3s 


. . . + 19 33 43 

D . . + 35 =6 




a + =3 49 

«+ 23 j5 




"I + 27 43 

«. + 5 42 


. . . + 18 58 17 
. , . + iS 5S 59 


COS J)- . 

D . - 


+ 1-5 
+ 9-9 
+ 1.5 


574 - 
722 y 


og- ■ 


+ 3.12090 
+ 9-97574 
+ 3.09664(1) 
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-o-4-^Bn4 col 1 4- t)-4 



. —9-54364 cm, +9 

. +"i.535M . . + 1 

- 9-81139 const. 3' 

- 1-34683 + 5 
3- 36677 if-fT 

-'8.08006 , . — 8 
-3-88842 B —3-8 

f 9.8173a i 
-3-70574 



973=8 

53554 

55G3o 

^65^(2) 

96848 (a)— (I) 



Beginning . 

Longitude . 

Partiai. Eeginniug . 



Annular . . log ^ 

<j + tt5°33'.9 COS.. 

- (S + .) — i3o at -5 <: 

— 145 55 .4 Eina 

S— i4 47 -G 



1^ 44 W. . . la 44 W. 
I 35 3?" Ending 4 ^1 34 j ^^'^^'^^ 



, _- 1 .34683 
i-7ii8i 
— 9.6350a - 
. —'2.33346 

.-39393 



— 9-635o3 
e —T- 3^346 
J — 9-407" 

-f 1 -74057 



,^_o 3 17 (, + o i 

Assumed time. . . 3 i3 .-.31 

Beginning .... 3 9 43 Ending 3_ i 

Longitude .... is 44 W'. . . i 

AnnoMK. Beginning a 56 59 Ending 3 



PosiTiosa OF Contacts 1 



Partial contact a( 



(-west 
'^"'■'^'toaBL 
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For the Rama angles fro! 
deduct the angle M, thus 



APPENDIX XI. ii5 

TCL-tex wa must estimate them towards the east, and 



Begmnirg- 135.5 
M + 3i.9 

167-4 towards 


wes 


End in 


+ 95.7 
+ 31-9 

63.8 towards 


UrmON FOR iM8-, FO 


«A»AC 


CUE. 


TEPETER«I«AI.O 


V OF Paktiai, Eeoi 


J) +19 1935.9 

D, + 9 ^0 


s 


+ 


.8 57 39.3 


„ _i5 =3.11 

., + .7 38 


Edinburgh Sid. Time 


tGree 


R 


h Mf^nn Noon 


. 3 2c i4-4 


Sidereal Eij^uivalent f 




48 7-9 



7 

9 


947 1' 

9748. 


+ 9 


97^3. 

95707 


7 

4 


9,9.h 
"6466" 


+ 7' ^3" 
+ 2*5 3-5 
+ 6-9 


+ ^ 


10-4 



+ = 

5-31439 
7.97531 

4-9-62690 +9.6269 

+ 2^1730 Qa . . . 2^764 
+ i3'46".6 (log. . . +1-80I3 



iDi 



' 4" 



tl . . 


-1-9.90000 . 
+ 9-83^56 


cosi : 


. -f- 9-900UO 
. +9-75001 


nO ," 


+ 9.78933 


G . . 


. +9-70667 


nS , . 


+ 9.71946 








+ 9.79545 


Ji . . 


, +9-78665 




+ 9.95001 . 


. check 


. +9.9.002 


1,(A). 


+ 9.67509 






njlf, , 


+ 9.59,10 






sM,. 


+ 9-96911 




. +9-96911 


n{e + I> 


+ 0.09068 


COSE . 


. +9-81754 


D . 


+ 0.05979 


B . . 


. +9.78655 
5-31439 


a. . . 


+ 9-81754 


const, . 


n . . . 


+ 9-87733 




5.10104 




+ 8.19711 




8. 1971 > 




J- 8 -0711^4 


corr. for n 


5i8 






(log- ■ 


3-3o333 






\.1> . 


. +33'3o".6 
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logs . 


a ■94904 
5z8 

A 




.5 49-9 ^. 

3o 49.9 



All 


+ 191935.9 
+ 33 3r).S 

+ iT4~5:i 


i 


+ 18 57 39.3 


X . 


— ii3i-8 



. . . + 53 34-49 
-(S+<i) + 89 511 

», . . + 89 6-93 



-.9 9,H 

3-54^99 
+ 9-976^7 



. + =7 38 

- + 7_^3 
+ =oi5 

. + 3-08458 

- + 9-97637 

, + 3.06085 (r) 

■ + ^ ■ 70070 
1 . +o-36oi5 
, . +^^ 

. +3-25416 
t. . 3-55fl3o 

0-77_=6i_(a) 

. + J.";. 176(3) - 

. +8-18869 

. +5-5^3^ 
i' 6-46373 

1-6, _o. 20683 



Assumed tin 
Beginning 



If the calculation be repeated foi- the Gieeuwicl 
aotly the snme result, whicli is therefore to the ac 
data employed. 

Position of Contaut bor Dif 

{-'0 

M, . . . . 
The point of contact is thi^rtfoie j '^ , I fi-oi 



I 32 4oEdiii. 
&'^. it will le^id t 
cond, according b 
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ir. EQUATIONS FOK REDUCTION OF PARTIAL BEQINKIKG. 

The data for this computation are taken from tte preceding one. 



I- 5-9.73 
^9.5,98 



kb . +3-97458 

D +19 19 35-91 

3 + 18 57 39-3 

+ 21 58-8 . . 



,3^+9. 
- +3 



s -95530 
?■ 97657 

2-94i57 
" i5(.i8 

8sir39 
99091 



fl+28 



(* + ■) 


+ 

+ 
+ 


9.9934! 
9-91552 
0- 84240 


h 

Loag. 


+ 25'' 3-5 
3 10 .9 W. ■ 


ir-+38 i4-4 




b 


a B + 9-97481 

9. +9-962,5 

. +0.24953 




L 


. +0-18649 

ifl +9.57977 

*,. +9.96.-.5 

+ 9-48191 

sx —9-60134 


2° 4G'-e 

8 i4-4 
4 32 -4 


jtr. 

(El 

b 


n . -0...94. ,„ 
. —9.90109'^ 

+ 9.700.5 
0.2403 t^' 



< +9-97481 
+ 9-60200 

+ 3-97418 



sini) +9-51977 



+ 9-96676 

3j)7458 

, +3.94104 
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We have hence, for the Greenwich time ( of beginning, at any plsce whose htt- 
itnde ia i, = north, — aouth, and loDgituda X, -(- east^ — west, the two following 
equations, which may be eafely depended on for any plaee in Scotland or tho North 
of England. 

co3o.=o-84i4o-[o-i8649]ain; + [9-9497e]coa;cos{X- a4°3a'.4) 
(= at I" 5'-[3.72475] sin « + [3. 55109] sin ;-[3. 54104] W3ico3(X + iro'' i'-5) 
Contact on ®'s limb, a + 23° 34''5 from the north towards Oie west. 
As a cheek on this calculation tate the aesumeij radical pkce, Edinburgh, and 
( = + 35° 46' -9, A =3 — 3° io''9, giving m = 89° 6' -9 and ( ^ i*' 45'^ 24', which 
perfectly coincide with the results of the original calculation. 
Similar calculations for the ending of the eclipse give the equations, 

ooa».=o-93848-[o-2029i]sinZ + [9-88677]co8;oo3{X+ uj'&'j) 
(=i''3B"'33= + i;3.6689o]aini^ + [3.35544]sin/-[3-90073]cosicos(* + i53°3'.8) 
Contact on ©'a limb, 01 — 16° 56'- 1 from the north towai'da the east. 
Also by calculating with 2" ^3'' i3'"for the annular phase there will result 

cos ^ = 39.65600- [1.75159] sin i + [1.46950] 00a; 00a (\+ i''42'-4) 
(=!'■ 43"' 7'T[a-i4475] sill ^ + [3-45484] 3in;-[3.9j55o]coaZcoa(A + . 31 = 55'.9) 

Contact on O's limb, — 19° 53' -5 ^f » from tie north towards the eaat, 

Ue upper sign appertaining to the beginning and the under aign to the ending. 

If coau> I, the place will be without the limits, and the eclipse will not be annular. 

By taking l^+ 55° 46' -9, X = — 3° 10' '9, the results will esaetly correspond 

vith the special calculation. 

Slole. — The espresaion of cos a for the annular phase, sa the appenrance of this 
phasB is comprised within narrow limits on the aur&ce of Ihe earth, will afford a 
very convenient and simple determination of the places which range in those lim- 
its as well aa those which range in the central line ; and we may expect very ac- 
curate reaults throughout the portion of country originally taken into considera- 
tion. Thus for the southern limit we must obviously have cos u =; + i, for the 
centra! liuo cos 10 ^ o, and for the northern limit cos w i^ — i; and hence the 
following conditions; 

C + I ) I southern limit, 
p — L' sin / + / cos ; cos (X + ii)^ ■< 0} for < central eclipse. 
( — I ) (northern limit. 

By maiiiiig the assumptions 



( — p + 1 ) (southern limit ) 
n- cos {-S' + = ] —P [ loi < central eclipse > . . . . (s) 

( — p — I ) (northern limit ) 
If we therefore take any meridian whose esst longitude is \ these two equa- 
tions (r), (t) will serve to determine the ex&eme latitudes I, on this meridian, be- 
tween which the eclipse will he annular as well as that where it will he centraL 
For tho preceding eclipse, these equations will be 

n' cos JV = [i .46950] cos (A 4. i" 43'. 4), 
«'sinJV' = [1-75159]; 

f— [1-45737]) f southern limit, 

»' cos (JV + () = -I— [> ■47=36]>- for Jeentral eclipse. 

(— [1 .46655] ) { northern limit. 



-d by Google 



APPENDIX XI. 



e take, for esampla, the meridian of Ediaburgh, and use \^ — 3° 



Estreme southern point of annular appesiranoe, N. 54 i9'7 
Point of o«Dtval appearance, N. 55 70-4 
Extreme northern point of annular appearance, N. 56 2i ^^ 
.ich are geocentric latxtuiies, 

III. CALCULATION OF THE TRANSIT OF MEECUET, 

November 7, 1835. 

rhe cQiijunetion in riglit ascension talies place about 7^ 38"; take therefore 

_ yh ^^)m^ a[,j Y,-e readily find from the opiiemeria the following data: 

3—16° i5' 58"-a 



11.— 5 32-6 



With these quantitie?, tlie calculation, for < 



ernal contact of limbs, is 



o. 60506 



b + 7-61597 

„, + 2-55305 

-f 9-98226 



- a5 35.3 
-23 53-6 



y + 9-57457 k + 

)a('^ -1- ■) -f 9- 96ro9 sin(,^ + ,)- 
coaw-)- 9-53566 — 



2 


56343 


9 

3 
9 


45819 
999^ 
56366 

m 

99643 
60749 


3 


■7849 



-c 35 8-3 

f 740 

fS 5 8-3 



2 32-6 . . — 



— J 


T8355 


si + 2 


5o43i 


tan — 9 


67924 


cos + 9 


95535 




98909 


onat. 3 


55630 


+ 6 


50074 


k + 3 


99643 


h + 7 


61997 


kb + I 


60940 


aw -f 9 


97278 


k" + I 


6366a 


.1+2. 


9S226 


osi + J 


ems 



Moantimeofi . „q ^ f for the centre of the earth. 
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COKETANTH FOR KkDUOTIOK OP IkGKESS. 



5 =5 5.-7 
+ i6 10. o 


. fioa + 9.a54io . . 
Bin S ~ 9-4'i733 




+ 5 46 =-7 




+ ee-'ao'.? 




+ a5 3i -3 

69 55 -4 




— 44 23 -I . 


sb— 9.R4477 




.-9-3or43 . . 


. — - 9.30143 






(tan + 0. 54334 


- .9.7>6 


..»,.. ...sss 


■JEm —9-98290 

+ 9.86187 

Jc" + 1-63662 




i" + 1.47598 


,." + 1.49849 


CONSTAKIS 


FOE Eecuciios of Egress. 




h. m. 5. 

10 40 =3-9 

+ 16 9.2 


. . C03 — 8.97854 . . 




+ !o 56 33-1 




+ i64" 8' -3 




+ 95 27 -7 . 


. sin + 9 -9980s 



- 9-44733 

h 8-4=587 



k" coai -1- r.6i88S fe" + 1-6366 2 

i"— 0-59742 /' + I-63480 

The former part of the calculation repeated for the times 5'' Sc" and 10'' 4o'" we 
shall finil moi'e accurate times of ingress and egress, for the centre ot the eavHi, 
to be 5'' 39™ 56' and lo' 40" 3i", whicli, however, still cannot he depended on 
within a few secoiids. Move reliance can be placed in the amonnt of reduction for 
paralias. The times reduced for any place Tvhose north iatitnde is I, and east 
longitude A, viz.: 

Ingress, Not. 7'' 51. 29" 56'+ [1 .473o] p ^in I ~ [i -49851 p cos I cos (X - 19° 38) 
Egress, '■ " 10 40 3d -H[o-5974]psin/-f [i-6348]pcosZeos(A- 107°24'1 
will indicate, with conaderable accuracy, the difference between the times at any 

The positions of tlie contacts on the sun's limb, for an inverled image, will be 

rontnct at J ' c f from the north towards the t „„ . ' 

( egress 9D 20 ) ( i„is6. 
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IV. — OCOULTATION OF A STAR. 
On Januajy T, 1838, the etar i Leoni?, wliose right aiceiieio 
daclioatiou N. (4° 58' 3y", will be occulted by the moon. 
LiMiTB OF Latitude, 
At tbe time of tnie 6 in right a 
ing data: 



«, + 3o 4i 

; + 74=59' 

diff. dec. + 34' j3" 



283S3 



19^+1 









.8424 






■mi 






.,68, 


(.) 




.8833 


w 




.9880 


(3) 




.,53, 


(.)! 


(3) 



,75577 



e + 63 5j . log.c. 
S3 3^ 
■ 4 i4 — log.Biti;, + 8.8683(5)+(3) 
The star maj therefore be oeoulted between the psrallela of latitude N. 83" 33' 
and S. 4° '4'. The [laiaUei of Greenwich is wilhin these limits; and if Che hour, 
angle of the star be computed roughly far iLe meridian of Greenwich, the star will 
be found to be oonsidernbly elevated aboye the iiorJzoa. A special caleulatioa for 
the ohservatorj of Greenwich will eonsequenlly serve as an example of the ctr- 
■,3 for a particular place. 

CiLCCLATlOH FOR GrKEKWIOB OBSBKTATOEy. 

Constanls f'y\ f =', ^(=1. 

9.995,3 
i- 9-79610 

+ 9.79523 . . . . + 9.795^3 
f 9-90381 const. . . 9.41916 



+ 9-8 



21439 



These will be constant for all occultations at Greenwich. 

Sidereal time at mean noon . 19 4 23-4 
Star's right aseenaion . . 10 33 26-4 

Aatmeannoon .... — 15 19 4.o 

Mean time of true cS . . +ia la T . . . . 
Acceleration -f 2 acceleration 


-fs ^9 to 

+ II a 

-t- 1 49-4 


"*""■' ■ • • • ■ -3 = ,,.j'»-- ■ 

With thisando, = 3o'.7 we find, by the table at p. 40S, 7= 
A at mean noon is put down negatively, in order to have moi'e 
valuea of h less than 12'' or 180°. 


— 4 !i i4-(i 


III' 6'". 

eadiiy the other 
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-f 3.5iG8a . , . ■ 



+J7_^ 
+ 9 '9 

— 33' 54" 
— 3-3o835 
+ 9-9*^499 

I —3-29334 
1 — 32' 45" 

— 3-47Go( 

4- 9-79533 ■ 



ASTROKOMY. 
3.52686 . 



-3.37124 



+ =■ 74741 
-9-24382 



+ 9.99343 
+"^5"3^ . 
i3-(^+i) + 9'93^<'8 - 
+ 2-68906 



Acceleration 



g'949'S 

\- 3.18669 —3.47601 

|-9-4r236 sini . + 9^4i336 
h 2-59905 — ^T88837 

1-9.79523 fm . +9-21439 
^^73^ (- 2.10276 

(- '■■ 7" 

A . — 11 42 
Lc, . ~ 9 35 

I ": ■ +" ^44" 

. \ =3.26576 

coaii . + 9.98499 

I + 3-35075 

(+ ^9'4i" 

3-53686 PeosA +3-18669 

9-43537 *(') . +9.21439 

2-96223 1 +S-40108 

1 J-, . + _55 29^ 

( +3-i8'44i 

I, . —2-75967 

- 9 56-« oot< . — 0-42474 
- 20 36-6 COS . . +9-97138 
. . . . W . +2-7539B 
+ 3o 33-2 3-55630 

+ 6.?8i56 

II - + 3-09715 
+ 9. -7 3683 
+ 3-37033 
+ 9-999"^ 
+ 3-37014 
+ 0-39-.. 



ImtnErsion 
Stai-'B R. A. 

I I'arallaoti 
(-.) , . 

From I °*"'* 



+ 9-73683 . 




+ 57 47-0 -eoa-. 


+ 3.37032 




-27 i3-8 c . . 


— 9-66045 
— 3-o3o77 


6 


+ 8820.2 .in*. 


— o''i7'".9 




,, 


II 6 




T 


10 48.1 . 




, EmeraioQ 






Acctileratioa 


on 19 4 -4 




B, T. menu noon 


5 54-3 . 
10 33-4 




Stfii-'a R. A. . . 


— 4 39-1 = 


-67 


IEm.A= . . 


Z-39''-7 




( Paralkctio Z 


. +20-6 
. +37-8 




(-')- . ■ ■ 



1 45.-1 



( corUi 
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APPENDIX SI. i<i:-i 

These angles are foe the inverted image ; and, being estimated towarils the east, 
the negative values mu3t be considered as towards tlje west. Tlie declination of 
the star gives for the latitude of Greenwich a Bemi-diumil are of 7" sS'" ; ds this 
exceeds Uio value of A both at immecMOn and emor^on, the immersion and emer- 
sion will both occur abovH the hoiiion. 

v.— CALCULATION OF THE ECLIP3E OP THE MOON, 
April 30, 18S6. 
The opposition or full mocn takes place at 19'' 53'". For the computation assume 
the tjme ao'' u^. 



. . i4 32 5i-35 


. . .4 35 II. 19 . 




14 37 31-43 


[-12I' i4 J3 55.33 


. . i4 34 i-gr . 




i4 34 11-45 


me - i"i.o3 


+ I 9.,B 




+ 3 19-93 


jace - i5' i5" 


+ '7' '9" 
;y' .^+3a'3r 




+ 5o' 0- 


.= + .7 .9 1 3. 




+ 5o ^ 


.OK 




= 11. 


. . -14 5 i9l . 


. — j4 19 58) . . 


- 


'''''l\ 


. . +i5 6 35 . 


. + 15 7 =0 . . 


+ 


i^ a G 


. . + I 1 16 


+ 47 ^i 


+ 


"^33^ 


+ 6i' iC' ^. 


i' 55" 






a, = + 47 =■ 


3 5= -. = -'3' 54'' 






+ 33 29 








a + 3.<- 


)i6Sa ai + 3.a9i8i 


F = 


:6o'l9" 


cosD + 9.< 


,86=7 . . +9-986^7 







P 3-55850 
3, + 3-ooa89 ;,, + 3. 57808 ^ ^^ 

3^+3.45347 iC,-2.95iI7 ^ ^'^ ^ 

_ 3.55788 

taiiS+9-54943 cot< — 0.35691 . ' ._ 

cos S+ 9-97431 «03i+796'63 ^' \'^''' ''^^ \ 
i5 53 



, — r3 43 -9 


ir+3.479if> ■ 


- +3-47919 


-(S+,)+ 4 i3.a . 


cos +9-9988? 


3.55630 




» + 3-47798 


+ 6-99709 



External . . a' 3-56Soa ,,.,-; 45 1 3 shadow ■ 

_____ ff+3-71901 ^ . ,g 1,5 

t-35 38-7 cos o> + 9-90990 . . +9.90990 

-3l 25.5 c + 3-8091! e + 3.80^ ^ , ( 61 39 esternal 

J-39 5i -9 sin«-9.7i7i'5 siui+9-8o6B5 ' '^ 47 m erna 

-3.5a6a7 +3.61596 

t,— 56"' .0 fc+ ii'8"'.8 

Assnmed time 20'' o . . . so o 

Beginning 19 4 •o Ending ai 8 -8 Greenw'' mean times. 
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424 SPHERICAL ASTROKOMY. 

For the times at any other place, it will only be neeeaaary to take into account 
tb« difference of longitude. 

The positions of the points of coatiiot ou ihe limb of the moon may be deter- 
mined, in the same manner as those of an occultation, and will here be nnneceB^^ary. 
Afl a' for internal contact with shadow is leas than ji, no internal contact can 
take place, and therefore the eclipse is only partial. 

The contacts with the penumbra are to be determined in a similar manner from 
the Eame talues of n, If, and will also be unnecessary here. 

/i' for esternal contact with shadow 6i' S?'' 

n 5o 6 

Eclipsed . . . . 1 1 33 
vhich divided by a s^Sa' Ss", gives o.35i for the magnitude of the eclipse, the 
moon's diameter being wnittj. 



appe:ndix XII. 

EQUATION OF EQUAL ALTITUDES. 

Let P be the pole, Z ,tlie zeoitL, S' 
tho place of the suu in the afternoon, S 
the place be would have occupied had his 
declinatioa or polar distance P S remain- 
ed unchanged. Make 

i= latitude of place = 90° — .P 2 ; 
X = declioation of sun =Q0° ~ P S; 
a = altitude of sua = 50° — Z S ; 
P ^ hour angle ZP S; 

then in the ti-iangle Z P S, 

sin a = sin i sin ;c + cos ; cos a; . cos P 
Diffcrentiatingj supposiEg x and P alone to vaiy, we have 
(iiB . cos a; . sin i = cos i . cos a . sin P . i? P + cos J. cos J 

^ :^ . (cos ar . sin i - cos ; . cos P . sin ^) = (^ _P . sin P C 
whence 
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APPEHDIS XIII. 



425 



Denote hy S the oliaiige in declination from tlie next preceding to the 
next following noon or change in 48 houra, and fay ( the interval in Jioiira 
between the epochs of equal altitudes in the morning and afternoon. Then 

49 : S :: t : dx, 
whence 



also 

which substituted in I 



l.{6)gi.e 

S . tan I . i 



S , tjlTI X , t 



il^t 48 .tan 7^ (' 
converting both members into time and taldng onehalt^w 
writing d for x, and making t^ ^ ^ y, -^-g . d P = ^ d P, 
5 , tan I . t S . tan d . t 

' ~ 1440 . Bin 7i ( ~ 1440 . tan 7J t ' ' 

as in the text, page 187. 



APPEiJDIX XIII. 

CORRECTION FOR DIFFERESCIS OF REFRACTION, 

Let P be the pole, Z tie zenith, and S 
the place of the sun had the air undergone no 
change, and S' the place as determined hy 
a change of atmospheric refraction. Then, 
employing the same notation as in the pre- 
ceding appendix and resuming its equation 
(a), regarding the altitude a as refening to 
the place iS" and P t« the hour angle 
ZP S,'vis have, -writing d for x, 

sma = f,mt .&md + aosl .coid . cos P, 
and denoting the altitude of S' by a' and the houi 

and by subtraction, 




mgle ZP S'hy P' 



./>); 
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426 SPHERICAL ASTRONOMY. 

but sin a' - sin a = 2 sin i {a' - o) . cos i (a' + «), 

cosi" ~ cosP==2 sini {P ~- P') . sin ^ (i" + -P) ; 
whence by substitution, 
dni(<.'-.).eo.}K+«) = eo>Lco><i..m5.(P-P')..inl(P'+P), 

and because a and a' aa also P' and P diirer by very small quantities, the 
above becomes, by transposing and dividing, 

^ ~ ^' "" cosi. COS <i. sin P- 
But denoting tho refraction in the afternoon by r' and that in the morning 

substituting and converting both membere into time, and writing t„ for the 
fiiiit member, we liave 

'" "= ^^ ' cos i . cos rf . sin i" 
as in the text at page 188, 
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TABLES. 



Mr. Ivory's Mean Refractioiis ; with the Logarithm 
ences annexed. 



Zenith 


Eell-riio].. 


L-i 


.« 


v.- 


^^s... 


I^g. 


... 


I 


O ! 


05 


008 


3 




27 


24 I 


4352 


20. 


2 


2 


04 


3<>;7 


I 6J 


2b 


28 


49 I 


4M7 


195 


3 


3 


06 


4860 


ia5 


27 


29 


76 I 


4736 


189 


4 
5 


4 

5 


08 


6112 
7086 


94 
79b 


8 

^9 


3i 

32 


o5 I 
38 I 


49=1 

5l02 


1 85 
181 


6 


6 


i4 


7882 


075 


" 


33 


72 I 


5279 


173 


7 


7 


17 


8557 


587 


3 


35 


09 1 


5452 


8 


8 


21 


9144 




32 


3Q 


49 I 


5622 


168 
164 


9 


. 9 


25 


9t)S3 


4b6 


31' 


37 


93 I 


5790 


lO 


10 


3o I 


0129 


42 


34 


39 


39 . 


5954 


II 


11 


35 I 


o5 3 


388 


3 


4o 


89 . 


6II6 


162 
160 
159 
1 56 


i3 


i3 


42 1 
49 I 


094! 
i3oo 


359 
334 


37 


42 
44 


42 I 


6276 

6435 


i4 


14 


56 I 


i634 


3 3 


S 


45 


61 I 


6591 


i5 


i5 


66 I 


1947 




3; 


47 


27 1 


6746 


1 55 


i6 


.6 


75 . 


2241 


278 


40 


48 


99 ' 


O90. 


■ 54 


■7 


'7 


86 t 


259 




4 


5o 


75 I 


7055 


i8 
■9 


i8 


98 . 


2784 
3o36 


= 52 


^3 


52 

54 


57 < 
43 I 


720-7 
7358 


i5i 




21 


26 I 


3277 


23o 


44 


56 


35 I 


75io 


i52 


21 


22 


42 I 


35o7 




4 


58 


36 I 


765.1 


tSi 


22 


23 


60 1 


3729 


2 3 


4b 


I 


43 I 


78.23 


l5l2 


=3 


=4 


80 I 


39 H 






= 


57 I 


79S37 


i5.4 


24 


□ 26 


01 I 


^ 




. 


I 4-30 I 


8ii55 
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SPHERICAL ASTRONOMY. 
Table I — (GontiiiuPt! ) 



Zenith 


EefiaoUon, 


Log. 


r. 


D 


le » t n 


Lo 


Dift 


49 


1 7" 11 


1.82678 


i523 


7 3o 


3 3 3 2 


20 9y 


429 


5o D 


9 


53 


i.84ao8 


53o 


40 


5 00 2 


2073 


433 


5i 




02 


1.85747 


1539 


5o 


693 2 


27168 


436 


55 


j4 


64 


1.87298 


1 55 


3 00 


b 83 2 


608 


440 


53 


17 


38 




1D65 


lO 


!0 77 2 


28o5i 


443 


54 




=4 


1 -90440 


1577 


20 


12-74 2 


28498 


447 


55 


23 


=5 


1.92036 


1596 


3o 


t4 


75 2 


28943 


45o 


56 


56 


4i 


1-93653 


1617 


40 


16 


80 2 


29402 


454 


57 


39 


73 


1.95291 


1 638 


3o 


18 


88 2 


29S60 


458 


58 


33 


s3 


..96955 


1664 


74 00 


21 


01 2 


3o322 


462 


59 


36 


93 


1.98646 


.691 


.0 


23 


18 3 


30789 


467 


60 


40 


85 


2.00368 


1752 


20 


25 


39 2 


31259 


470 


61 


45 


01 


2-03114 


1756 


3o 


27 


66 2 


31734 


475 


62 


49 


44 


2.03918 


1794 


40 


=9 


95 2 


322l3 


479 


63 


54 


'7 


2.05754 


iS36 


5o 


32 


3o 2 


32696 


483 


64 


59 


22 


2.07635 


1881 


7500 


34 


70 3 


33i84 


488 


65 


2 4 


65 


2.09567 


1932 


10 


37 


16 2 


33677 


493 


66 D 


10 


48 


2.II555 


19B8 


20 


39 


65 2 


34174 


497 


67 


16 


78 


2.i36o3 


2048 


3o 


42 


21 2 


34676 


5o2 


68 


^3 


61 


a. 15719 


2116 


4o 


44 


82 2 


35i83 


507 


69 


3i 


04 


2.17910 


2191 


5o 


47 


48 = 


35695 


5is 


70.00 


39 


16 


2-20185 


2275 


76 00 


5o 


21 2 


36212 


5i7 


10 


40 


59 


2-20573 


388 


10 


53 


00 s 


36735 


523 


ao 


41 


o4 


2.ao963 


390 


20 


55 


85 1 


37263 


528 


3o 


43 


52 


2.21356 


393 


3o 


58 


76 2 


37795 


533 


40 


45 


02 


2. 21751 


396 


40 


4 I 


74 2 


38334 


538 


5o 


46 


53 


2.22l5o 


398 


5o 


4 


79 ^ 


38879 


545 


7i 00 


43 


08 


2.22552 


402 


77 00 


7 


91 2 


39430 


55i 


10 


49 


65 


2.22956 


4o4 


10 


11 


11 2 


39937 


557 


20 


5i 


35 


3. =3363 


407 


' 20 


14 


39 2 


4o55o 


563 


3o 


52 


87 


2.23773 


4io 


3o 


17 


74 2 


4.1:9 


569 


4o 


54 


53 


2.24186 


4i3 


4o 


11 


19 2 


41695 


576 


5c, 


56 


2! 


2.24603 


417 


5o 


24 


72 a 


42278 


583 


71 00 


57 


92 


2.25022 


419 


78 00 


=8 


33 2 


42867 


589 


10 


59 


66 


2-25445 


423 


10 


32 


o4 2 


43463 


596 


.0 


3 J 


43 


2-25870 


425 


20 


4 35 


84 2 


44066 


■6o3 
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TABLES. 
Table I. — (Continued.) 



Zenilli 


JIfan 


Log 




1 




1 


t'sSo 


4 39-75 2 


44* 






8 




1 


40 


43-76 1 


45; 












5o 


47 '88 2 


45< 












79 oo 


5a. la a 

56-47 2 
5 0-94 = 


46; 
471 
47* 












3o 


5-54 2 


48; 












■ 40 

5o 


10. a8 a 
i5.i6 a 
ao-19 a 
a5-36 2 
30-70 a 


491 
49f 

5o; 

5i; 
5i| 


63 
90 










3o 


36- so 2 


521 






9" 






40 


4i-83 a 


53: 












5o 
81 00 

3o 


47.74 2 

53-79 = 

G o-o4 2 

6-5o a 


54 
54! 
55( 
56, 
57 




„ 


60 






40 


20-09 ^ 


57. 












5o 
8^ 00 


=7-26 a 
34-G8 a 


58J 
59. 












;° 


42.37 2 
5o-33 2 


60. 

61: 












3c 


53.59 = 


62 








98 


967 


40 

5o 


7 7-19 2 
16.13 a 


63. 
63. 


99 








08 


83 00 

- 3q 


a5-4o a 
35.05 2 
45-10 a 

55-58 2 


64: 
65. 
66' 
67' 


90 


„. 








40 
5o 


8 6-5o = 
17-90 2 


68' 
6,. 


9b 








i 


84 06 


«::: : 


71' 




^ 
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SPHERICAL ASTRONOMT. 



Mr. Iixjn/s Refractions continued : showing the logaiitlims of the correc- 
tions, on account of tlie state of the Theiuiometer and Barometer. 





Tl 






B. 


0™^. 




L. 




. 




Logaritim. 


8 


99 3 


5 


or 


3i":o 


0.01424 


9 


•? 9 ^ 


9 


9 


30.9 





01248 


7t 


9 9 

? 9 f* 


^ 


9 


^ 


° 


0.143 


7 


9 59 






6 





00860 


5 


99 b6 











00718 


3 

7 


9 9 7 
9 9 7 

9 ;! 9 


4 
3 
4 


668 


4 
3 


^ 


00575 
00432 
00289 
00145 


7 


9 / 




; 


3o-o 





00000 


69 


99S 3 


9 




29.9 


9 


99855 


6B 


9 963 3 


38 


5 


8 


9 


99709 


07 


996 


37 


4b 


7 


9 


99563 


66 


9 9b5 6 


36 


3 


<* 


9 


99417 


65 


998 9S 


5 




5 


9 


99270 


64 


9 98S9 


3 




4 


9 


99123 


63 


y 9b7^3 
9 jSS 5 


33 
3 


73? 


3 


9 
9 


98975 
98836 


6 


9 989' 9 


3 


3 


I 


9 


98677 


e 


9 9?^C 


3 


935 


29-0 


9 


985=8 


59 

b 


;99 5 
9 99 8 


9 


33 
3 


=8-9 


9 
9 


98378 
98.27 


57 
6 


9993 
999 3 


7 
6 




7 
6 


9 
9 


98076 
979=4 


55 
5 


9 995 9 
9 99r 3 


5 


3 


5 
4 


9 
9 


97772 
976^0 


53 
5 


9 99 7 
9 9 
9 999 


3 


C3 
3 

& 


3 


9 
9 
9 


97466 
973i3 
97153 


5 






^ 


=8.0 


<)-i)TioA 
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Kr. Ivory'i, Sefraehons conUitaed showing tht further qwantilies by 
wMch the lefraction at lo%i altitudes is to le coiiectwl, oa account of 
the state ot Uip Theranmptei iM L'arLmctf.1 



AiJ,\ 


T 


£ 




r I 






-o )i9 




<■ 3^ 


-0 3i7 +0 


5i 


-5 


C □!■> 




•!6 4'. 


345 


56 


77 o 


o^i5 




80 5o 


0376 


62 


7<t f 


f ui8 




87 


i,o 


68 


-9 o 


o oj3 




6- 10 


US. 


75 


8o 


o oto 


+ u4 


87 20 


0490 


83 


8i o 


(1 040 


o5 


8 3 


538 


9' 


bi 3o 


4t. 


■^ 7 


8- 40 


0593 


01 


Si. 


o53 


18 


87 50 


654 1 


i3 


8= 3o 


0D3 


ij 


68 


722 3 


26 


83 o 


v-4 


II 


■vS n 


c 799 ■ 


41 


83 3o 


Ob; 


i3 


sa 


587 I 


59 


84 o 


107 


ifi 


S8 du 


c 987 


79 


84 3o 


-> I'O 





8b 40 


I 101 ! 


oa 


85 u 
85 I 


( !'-9 


->5 


88 J-i 
&9 . 


1 23l 2 

1 58o s 


29 
6[ 


85 JO 


TS4 


8 


89 10 


I 55i = 


98 


35 3o 


198 


3! 


8; 20 


1 749 3 


41 


85 4o 


ii3 


33 


89 ' 


I 977 3 


93 


85 5o 


229 


) )b 


8940 


^ -Ml 4 


54 


86 o 


s^8 


039 


89 = 


5 549 5 


aO 


:::: 


0269 
-0 593 


043 


90 


- ' 909 i- •* 





TliB column marked Tis to be multiplied by (i — 50°) ; and the colnmD 
B is to ha multiplied by (i - 3o'".oo}. The results are to be applied U 
proximate refraction obtained by the preceding tables. 
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SPHERICAL ASTRONOMT. 



TABLE IV. 
For ike Equation of Equal Altitudes of t/te Su7 



r.u„.. 


Log. A. 


Log.B- 


Inten.l 


Log. A. 


LOE.B, 


lQl«val L 




L08.E. 


"2 o' 


7.7297 
.7=98 


7.7140 
.7143 


3 


-7359 

7to2 


7.7015 


ll. TO. 

4 7 


7447 
745i 


7.6323 ; 

-e3i5 ■ 


4 


.7300 


.7.39 


4 


73b4 


.7005 


4 


7454 


.6S07 


6 


.7302 


. .7r3b 


6 


7367 


.6999 


6 


7458 


.6800 i 


8 


■ 73o4 


.7131 


8 


^309 


.6993 


8 


7461 


.679= 


10 


•7305 


■7[a8 


10 


7372 


6988 


ro 


7464 


.67B4 


IS 


■ 7307 


.7125 


12 


7374 


6982 


12 


7468 


■6776 


i4 


.7309 


.7121 


14 


7377 


6976 


i4 


7472 


.6768 


16 


.7311 


■ 7117 


j6 


730r 


6970 


16 


7475 


.6759 


,8 


.73.3 


■ 7113 


lb 


73H3 


6yb4 


18 


7479 


.675. 


20 


.7315 


■71 9 


20 


7386 


6958 


20 


7482 


.6743 


23 


.7317 


.7105 


22 


73P8 


6952 


22 


7486 


.6734 


M 


■7319 


■7101 


'4 


7191 


0946. 


M 


7490 


.6726 


36 


.7321 


-7097 


26 


-394 


6940 


26 


7494 


■6717 


j8 


.73^3 


■7092 


28 


7397 


0934 


28 


7497 


■6708 


3o 


.73=5 


■7088 


3o 


740 ) 


0927 


3o 


75oi 


.6700 


32 


.73:17 


■7083 


32 


74o3 


69.. 


02 


75o5 


.669. 


34 


.7339 


■7079 


34 


74 6 


6^4 


34 


7509 


.6681 


36 


.733. 


■7075 


j6 


-409 


6908 


36 


75i3 


.6673 


38 


.7333 


■ 7070 


'8 


1 2 


09 M 


it, 


7517 


.6663 


40 


■7336 


■7065 


43 


74i5 


C3;4 


40 


752, 


.6654 


42 


.7333 


.706. 


42 


741 & 


dS88 


42 


7525 


.6645 


44 


.7340 


■7056 


44 


7421 


6681 


44 


7529 


.6535 


46 


.734a 


.705. 


46 


■'424 


6874 


4D 


7533 


.6626 


48 


.7345 


■ 7046 


4S 


7423 


6867 


48 


7537 


.6616 


5o 


■7347 


■7d4[ 


5o 


743 1 


bb59 


5o 


7541 


.6606 


■5a 


■7349 


.7035 


52 


7434 


6352 


52 


7545 


.6597 1 


54 


.735= 


.7031 


54 


7437 


D845 


54 


7549 


■6587 


56 


■7354 


■ .70=6 


56 


7441 


bb38 


56 


7553 


.6577 


58 


7.7357 


7.702. 


58 


7 7444 


7 0830 


58 7 


7557 


7-6567 
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Table IV.^(Coutiiiued.) 
Fiyr the Equatim of Equal Altitudes of the Sun. 





g.A. 


L^gB 


Interval L 


0^. A, I 


OK.B. 




S.A. L 


>g. B, 


5 "■ 7 


7562 


7 6556 


h. in 
& 7 


77o3 7 


6198 


707 


7873 7 


57"7 


= 


7566 


6546 


2 


770S 


61 84 


2 


7879 


5699 


4 


7570 


6536 


4 


77.3 


6170 


4 


7885 


5680 


6 


7575 


6525 


6 


7719 


6i56 


6 


7891 


566i 


8 


7579 


65 14 


b 


77=4 


6142 


8 


7898 


5641 


lO 


7583 


65o4 


10 


7729 


6i27 


10 


79M 


5622 


11 


,588 


t,493 


12 


7735 


6ii3 


12 


79.0 


56oi 


i4 


7592 


b4b2 


i4 


7740 


609S 


i4 


79.6 


5582 i 


i6 


7597 


6,-71 


lO 


7745 


6oB3 


16 . 


7923 


5562 ; 


i8 


7C0. 


64110 


18 


775j 


6o63 


18 


7959 


5542 1 


20 


7606 


... 


20 


7756 


6o53 


20 


7936 


5522 


22 


7610 


6(37 


2. 


7762 


6o38 


22 


7942 


55oi 


34 


76.5 


6425 


24 


7767 


6023 


M 


79J9 


5480 


a6 


7620 


6414 


26 


7773 


6007 


26 


7955 


5459 


^a 


7624 


6402 


2t- 


7779 


5991 


28 


7962 


5437 


3o 


7639 


6390 


3>, 


7784 


5975 


3o 


7969 


5416 


3a 


7634 


6378 


32 


779" 


5959 


32 


7975 


5394 


34 


7638 


63d6 


34 


7796 


5943 


34 


7982 


5372 


36 


7643 


0Jl4 


30 


7801 


5927 


36 


79B9 


535o 


38 


7648 


6342 


3-1 


7807 


5910 


38 


7995 


5327 


40 


7653 


63.9 


40 


7813 


5894 


40 


Soo:> 


53o4 


4i 


7658 


d3i7 


62 


78.9 


5877 


42 


8009 


5281 


44 


7663 


G3o, 


<w 


7825 


586o 


44 


8016 


;i258 


46 


7668 


6.91 


^6 


783 1 


5843 


46 


8oa3 


5234 


48 


7673 


6278 


48 


7836 


58a5 


48 


8o3o 


52II 


5d 


7678 


6205 


56 


7842 


58o8 


So 


8037 


5iE6 


52 


7683 


6252 


52 


7848 


5790 


52 


So44 


5162 


54 


7688 


6>39 


54 


7854 ■ 


5772 


54 


8o5i 


5i37 


56 


7693 


6225 


56 


7860 


5754 


56 


Eo53 


5ll2 


58 7 


7S98 


7f_,. 


58 - 


7867 7 


5736 


58 7 


8o65 7 


5087 
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SPHEEICAL ASTRONOMY. 



Table IV. — (Coiitiuued.) 
Iquaiiort of Equal Altitudes of the Sun. 



iBleiia] 


I^g. A. 


L<.g.E. 


■.»,., 


Log. A. 


Log. B, 


« 


Log. A. 


Lo^. B. 


b. jn. 


7-8072 


7 -5062 


b. m, 
9 


7.3302 


7 -413 I 


I1. m. 


■8567 


7.3697 


2 


.8079 


■ .5036 


2 


83m 


.4093 


2 


.8576 


■2635 


4 


.80B6 


■ 5oio 


4 


80,9 


.4155 


4 


.8586 


.2572 


6 


.8094 


.4983 


6 


8338 


■4016 


6 


.8595 


.3507 


8 


.8101 


■4957 


8 


b336 


.3977 


8 


■86o5 


■2442 


lO 


■ 8io8 


■4930 


10 


8344 


■8937 


10 


.8614 


.2374 


12 


.B116 


.4902 


13 


8353 


.3896 


12 


.8624 


■ a3o6 


i4 


.8123 


■4374 


i4 


83UI 


.3855 


14 


.8634 


.2236 


i6 


.8i3q 


-4'>4D 


lb 


Siyo 


.38i3 


16 


-8643 


.2164 


,8 


.8:38 


.4618 


ibl =3-8 


.3771 


.8 


■ 8653 


.2091 


20 


.8(45 


.4789 


20 


fa387 


.3728 


20 


■ 8663 


■.2016 


23 


<8i53 


.4-60 


22 


8896 


.3684 


22 


■ 8673 


■ 1940 


14 


.8160 


•4731 


24 


8404 


.3639 


34 


.8683 


.1861 


s6 


.8168 


■4701 


2D 


84i3 


.3594 


3e 


■8693 


.1781 


58 


■8(76 


.4671 


28 


8422 


.3548 


38 


.8703 


..699 


3o 


.8i83 


■4640 


3o 


843o 


.3501 


3o 


.8713 


.i6i5 


32 


.8191 


.4609 


33 


3439 


.3454 


3a 


-8723 


-i529 


U 


■8199 


■ 4j78 


34 


8448 


.3406 


34 


.8733 


.!44o 


36 


.8206 


■45,') 


3b 


3,57 


■ 3357 


36 


.8743 


.i349 


38 


.8214 


.4314 


3& 


8466 


.3307 


38 


.8753 


.1256 


40 


.8233 


.4483 


4 


8,75 


.3256 


40 


■8763 


.mOo 


4a 


^8230 


-4449 


41 


8484 


.3205 


43 


■B773 


.1061 


44 


.8238 


■4413 


44 


8493 


.3i52 


44 


.8784 


.0960 


46 


8246 


-438. 


46 


8502 


. -3099 


46 


.8794 


■0855 


48 


.8354 


■4347 


4Q 


85m 


.3o45 


48 


-8804 


■ 0748 


5o 


.82Q2 


■ 43is 


00 


8520 


.3989 


5o 


.88i5 


.0637 


1 53 


■ 8370 


.4=77 


52 


853o 


■ 2933 


52 


.8825 


■o5j3 


I 54 


.837B 


.4341 


54 


8539 


■2876 


54 


■ 8835 


.o4o4 


1 56 


.8286 


.4 o5 


5o 


8548 


.2817 


56 


■ 8846 


.0383 


] 58 


7.3294 


7.4ib8 


58 


7 8558 


7.2758 


58 7-8857 


7-0156 
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Table IV-. — (Conljnued.) 
r ike ilquatton of Equal Altitudes of the Sun. 



[tuerval L 


?■■*■ 


Log-B. 




Lof. A. Lb 


e-B. 




0^ 


Log.B. 


h. m. 


B868 


7 (yiS 


h n 


1 9 08 B 


-0 


?3^-7 


9593 


- 7.0750 


1 


8878 


6 9889 




; 0-5 


5549 


a 


9607 


.0905 


4 


8889 


9746 


4 


9532 5 


8641 


4 


9630 


■io56 


6 


8900 


9602 


6 


9545 6 


o4i4 


6 


9634 


.iao3 


e 


89,1 


9449 


8 


9 7 


1675 


8 


9648 


■i345 


lO 


8922 


929 





9i 9 


2657 


10 


9663 


■ 1484 


11 


8933 


9[a3 


12 


> ^' 


3461 


12 


9676 


■ 1619 


i4 


8943 


'(953 


14 


9294 


4i43 


14 


9690 


■175. 


i6 


8954 


" 70 





9 f" 


4734 


16 


9704 


.1880 


.8 


8965 


■) e 


S 


y 9 


5^58 


.8 


9718 


.2006 


.o 


8977 


8379 


30 


9 


5738 


20 


9732 


.2129 


Si 


8988 


8168 


23 


9 44 


6154 


22 


9746 


.3249 


j4 


8999 


7945 


= 4 


93. 


6545 


34 


976. 


.2367 


26 


9010 


7709 


r 


93d9 


6905 


26 


9775 


.2482 


aS 


9031 


7457 


8 


9332 


7239 


28 


9789 


2595 


3o 


9033 


7T89 


3 


93 ;5 


7551 


3o 


9804 


.=706 


3a 


9^44 


6901 


32 


9408 


7843 


33 


9818 


.28i5 


34 


9055 


69. 


3j 


9J3I 


8n9 


34 


9333 


.2912 


36 


9067 


6 5 


3b 


91" 


838o 


36 


9848 


.3026 


33 


9076 


"? 


33 


y 40 


8627 


38 


9863 


.3129 


4o 


9090 


5487 


40 


94 


8803 


40 


9877 


.323( 


42 


910a 


5041 


41 


94 3 


9087 


42 


9892 


.333o 


44 


9U3 


■j54I 


44 


54<ib 


9303 


44 


9907 


.3438 


■ 46 


9T35 


3973 


46 


9499 


9507 


46 


9922 


.3524 


48 


9137 


33i6 


48 


9512 


9705 


48 


9937 


.3619 


5o 


9148 


2536 


5o 


9 30 6 


9895 


5o 


9953 


.371 = 


52 


9160 


1579 


52 


95 i9 7 


0078 


52 


9967 


.38o4 


54 


9173 


6"34t 


54 


9552 


0^54 


54 


9983 


.3894 


56 


9" 34 


J 859J 


56 


9566 


0435 


56 7 


9998 


.3984 


58 7 


9196 


5 5594 


58 


7 9580 - 7 


0590 


58 8 


001 3 


— 7.4071 
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SPHERICAL ASTRONOMY. 



Table IV.— (Continued.) 
For ike Equation, of Equal Altitudes of the Sun, 



!.»,., 


Log. A. 


Us. B. 


I...„^ 


Log. A 


Lng.B. 


IntHFal 


J.„S. A. 


I^&B. 


l4 o 


8-ooa8 
■ 0044 


-7^4i58 
■4244 


fi? 


■052I 

■0539 


-7 '6350 
■64 1 3 


16 


8^ioB2 


-7.8072 
.81^5 


4 


•ooSg 


■ 432S 


4 


■o556 


■6475 


4 


■1122 


■B177 


6 


.0075 


■441 = 


6 


■o574 


■6537 


6 


■1143 


■ 8229 


8 


.0090 


■4494 


8 


■0592 


■6599 


8 


■ ii63 


■8281 : 


.0 


.0106 


■4575 
■ 4655 


10 


■ 0610 
.0628 


■6660 
■ 672. 


la 


■ ii83 

■ 1204 


■ 8333 i 
.8385 \ 


i4 


.01 38 


■4735 


■4 


.0646 


■ 678. 


i4 


.1224 


.8436 


i6 


■oi54 


■4813 


iC 


■ o6Q4 


■ 6841 


16 


■ 1245 


■ 8487 


.1 


.0170 


.48.;o 
.4967 


18 


.0682 


.6900 
■ 6959 




.1266 

.l:.87 


.8538 

.8589] 


22 


.0202 


.5o43 


= 2 


.0718 


■ 7018 


22 


■i3o8 


.8640 


=4 


■0218 


■5n8 


24 


■ 0737 


■ 7077 


24 


■,3.9 


■8690! 


=6 

38 


■0234 
.O250. 


■ 5192 

■ 5265 


26 


-0755 
.0774 


■ 7.35 
.7,92 


25 


■i35o 
■1371 


■87401 
■ 8790 i 


3o 


.0267 


■ 5338 


3o 


■0792 


■7^49 


3o 


■1393 


■ 8840 j 


3a 


■0233 


-54io 


32 


.0811 


■7306 


32 


■ i4i4 


■ 8890 


34 


■o3oo 


.5481 


34 


.o83o 


-,363 


34 


-1436 


■8939; 


36 


■o3i6 


■ 555i 


36 


■0849 


■7419 


35 


■1458 


■8989 


38 


-o333 


■ 5621 


38 


■0868 


■ 7475 


38 


.:479 


■ 9033 


4o 


.o3^o 


.5650 


40 


■0887 


.753. 


40 


■i5oi 


■ 9087 


42 


.o3G7 


■5759 


42 


■0906 


■ 7586 


42 


■i523 


■ 9136 


44 


■0384 


■ 5827 


44 


.0925 


■ 7641 


44 


-1 545 


■ 9185 


45 


■ o4oo 


■ 5894 


46 


.0945 


■ 7696 


46 


■i568 


.9234* 


4e 


.0417 


■596. 


48 


■ 0964 


■775' 


48 


1090 


■ 9282 


5o 


.0435 


.6027 


5o 


.0983 


■ 7805 


5o 


■.612 


.9330 


52 


■0452 


.6092 


52 


.ioo3 


■ 7859 


52 


■i635 


■ 9379 


54 


.0469 


■6i58 


54 


.1053 


.7912 


54 


■i653 


■9427 


5G 


■0486 


■ 6222 


56 


■ 1042 


.7966 


56 


■1680 


■9475 


58 


8^o5o4 


- 7-6286 


58 


8^io62 


-7-8019 
1 


58 


8.i7p3 


- 7^9523 
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Table IV.— (Continue d.) 
For die Equation of Equal Altitudes of the Sun. 



Interval 


Log, A. 


Ix,g.B. 


iQlOTTBl L 


.A. 


Log. B. 


ii,t.rva,' L 


.A. 


L<«.B. 


t. m. 


8-17=6 


-7.9571 


Jb'^U 


2474 


- 8.0969 


li. m. 


3359 


-8.2354 


2 


■1749 


.9618 


2 


25or 


■ ioi5 


2 


3392 


.2401 


4 


.1773 


.9666 


4 


2529 


.1061 


4 


3424 


.244a 


6 


..796 


.97.3 


6 


2556 


.1107 


6 


3457 


.2495 


8 


.1819 


.9761 


8 


2583 


.1153 


8 


3490 


.2542 


10 


.[843 


.9808 


10 


2611 


■"99 


10 


3524 


.2589 


12 


.1867 


.9855 


12 


2639 


.1245 


12 


3557 


.2637 


i4 


.■890 


.9902 


i4 


2667 


.1291 


!4 


3591 


.2684 


i(i 


■i9i4 


■9949 


iQ 


26y5 


.i336 


16 


3625 


.2732 


i8 


.:938 


7.9996 


,8 


2723 


.1382 


.8 


3655 


.2779 


20 


,1963 


8-Q043 


20 


2752 


.1428 


20 


3694 


.2827 


22 


,1987 


.0090 


22 


2781 


■1474 


22 


3728 


.2875 


24 


■2011 


.0137 


24 


2809 


.1520 


24 


3763 


.2923 


26 


.2036 


,oi84 


26 


2838 


■1566 


26 


3798 


.2971 


28 


.2061 


.0230 


28 


2868 


.1612 


28 


3834 


.3019 


3o 


.2086 


.0277 


3o 


^897 


•1658 


3o 


3869 


.3o63 


32 


.2111 


.03^3 


32 


2926 


■1704 


32 


3905 


.3.16 


34 


.2136 


.0370 


34 


2956 


.!75o 


34 


3941 


.3165 


36 


.2161 


.o4i6 


36 


29S6 


.1797 


36 


3978 


.3214 


38 


.2186 


.0462 


38 


3oi6 


-1842 


38 


401 5 


■ 3263 


4(1 


.2212 


.o5oa 


40 


3o46 


.,889 


40 


4o52 


.3312 


4a 


.2237 


.0555 


42 


3077 


.1935 


42 


4089 


.3361 


44 


.2263 


.0601 


44 


3i07 


.1981 


44 


4126 


.3410 


46 


.22B9 


.0647 


46 


3i38 


•2028 


46 


4i64 


.3460 


48 


.231 5 


.0693 


48 


3.69 


.2074 


48 


4202 


.3510 


5c 


.2341 


.0739 


5o 


3200 


.2121 


5o 


4241 


.3560 


52 


2367 


.0785 


52 


3a32 


.2167 


52 


4279 


.3610 


54 


.2394 


.o83i 


54 


3263 


.2214 


54 


43i8 


.3660 


56 


.2420 


.0B77 


56 


3295 


.2261 


56 


4357 


.3711 


58 


8.2447 


-8.0923 


58 8 


3327 


-8.2307 


58 8 


4397 


- 8.3761 
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PHERICAL ASTRONOMY. 



Table IT.— (Coiitiaued.) 
For the Equation of Equal Altitudes of the Sun. 



lQt«T»l Li 


ftA. 


LdS.B. 




..i 


u>^ E, 


..,..! L 


.A. 


L(,g.B, 


ao 8 


4437 


-8.38.2 


l\ -0 8 


58(0 


^8.5466 


=i o' 8 


77" 


-8.7560 


a 


4477 


.3863 


2 


5863 


.55=7 


2 


7789 


.7643 


4 


45.8 


-3915 


4 


5917 


.5588 


4 


7868 


.7727 


6 


4559 


.3966 


6 


597. 


■ 565o 


6 


7948 


.7813 


8 


4600 


.4018 


. ' 8 


6025 


.5712 


8 


8o3o 


■7899 


lO 


4641 


.4070 


lo' 


6081 


•5775 


lO 


8ii3 


■7987 


12 


4683 


.4122 


12 


61 36 


.5838 


12 


8198 


-8076 


i4 


47)6 


■4175 


i4 


6193 


.5902 


i4 


8284 


.8167 


i6 


476S 


.4227 


16 


625o 


.5966 


16 


8372 


.8259 


.8 


48)1 


■ 4280 


.8 


63o8 


.6o3i 


18 


846 [ 


.8353 


ao 


4854 


.4334 


20 


6366 


.6096 


20 


8553 


.8448 


31 


4898 


.4387 


22 


64^6 


.6162 


22 


8645 


.8545 


i4 


4942 


.4441 


24 


6486 


.6229 


24 


8740 


.8644, 


26 


4987 


■4495 


26 


6546 


.6296 


26 


8837 


.8745 


a8 


5o32 


.4549 


28 


6608 


.6364 


28 


8935 


.8847 


3o 


5077 


■ 46o4 


3o 


6670 


■ 6433 


3o 


9036 


.8952 


35 


5ja3 


■ 4659 


3= 


6733 


.65o2 


32 


9,39 


.9058 


34 


5169 


.4714 


34 


6796 


.6572 


34 


9244 


.9167 


36 


53i5 


■4770 


36 


6861 


.6643 


36 


935, 


.9278 


38 


526a 


-4826 


38. 


6927 


.67.5 


38 


9461 


.9391 


4o 


53io 


.4883 


40 


6993 


.6788 


40 


9574 


-9507 


4i 


5357 


■4939 


42 


7060 


.6860 


42 


9689 


.9626 


44 


5406 


■4996 


44 


7128 


' -6934 


44 


9807 


■9747 


46 


5455 


.5053 


46 


7197 


-7009 


46 8 


9928 


..9871 


48 


55o4 


- -5111 


48 


7268 


■7085 


48 9 


0052 


8-9999 


5o 


5554 


.5169 


5o- 


7339 


.7162 


5o 


ij»8o 


9.0129 


52 


56o4 


.5228 


52 


74ii 


.7239 


52 


o3ij 


.02S3 


54 


5655 


.5287 


54 


7484 


.7318 


54 


o446 


.o4oi 


56 


5706 


. -5346 


56 


7558 


.7398 


56 


o585 


.0543 


58 8 


5758 


- 8.5406 


58 8 


7634 


- 8.7478 


58 9 


0729 


— 9.0689 
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Table IV.— (Continued.) 
For the Equation of Equal AUitttdes of the Sun. 



,.,.„.. 


I.. A. U 


g.B. 


iDlerval 


Log. A. Loi 


.B. 


int.™. 


I.n^.A. 


Log 


^1 

B. 1 


li. m. 
S3 o 


9-0877 "9 


0839 


li. m. 
23 ao 


9.2693 _ 9 


2677 


23 4"?" 


9.5761 


-9-5757! 


a 




1019 


0995 


22 




2922 


2907 


42 




6224 




62,, 1 


4 




uSj 


iiM 


24 




3i6a 


3i49 


44 




6742 




6739 j 


6 




i35i 
.5=0 


l32I 

1^19= 


26 




3416 
3685 


34o4 
3674 


4G 
48 




7328 
8oo3 




7326, 
8001- 


m 




.696 


1670 


3o 




3971 


3962 


5o 




esoi 




8800 


11 




,379 


£855 


32 




4276 


426B 


52 


9 


9776 


9 


9775! 


U 




.P69 


204? 


34 




4eo4 


4597 


54 





io3i 





io3i] 


36 




3=63 


2=48 


36 




4957 


4952 


56 





2798 





27981 


IS 


9-!47'3l-9 


a 456 


38 


9' 534.1-9 


5336 


58 


o.58i4 


- o-58i4 1 
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SPHERICAL ASTRONOMY. 

TABLE V. 
F&r the Seduction to the Meridian : showinff the value of 



Sec, 


o- 


!■" 


.. 


S'" 


4 


5 


8 


7" 


g 


y 


(J 


j'.'g 


7-8 


17-7 


3i 


4 49 


, 70 


7 9G 




1 










o 


8 





17 


9 


3i 


7 49 


4 7t 


r 96 


7 


5 










I 


8 


I 


l8 




3i 


9 49 


7 71 


5 97 


I 


3 


o 


o 




5 


S 


a 


i8 




35 


7 5o 


I 71 


9 97 


6 


4 
5 


" 


° 




3 


8 


4 
5 


i8 




32 
32 


7 5o 


4 72 

7 72 


3 98 

7 98 


5 


6 


D 


o 




4 


8 


7 


i8 




33 


5i 


I 73 


I 99 





7 


O 







4 


8 


8 


■9 




33 


3 5i 


4 73 


5 99 


4 


8 


O 


o 




5 


8 


9 


19 




33 


5 5i 


7 73 


9 99 


9 


9 


o 


o 




6 


9 


' 


'9 




33 


8 5? 


1 74 


3 100 


4 


i3 





\ 




8 
9 


9 
9 
9 
9 


4 
5 


'9 
= 9 




34 

34 
34 


I 52 

4 52 
6 53 

9 53 


4 74 

7 75 

I 75 

4 75 


5 loi 
9 102 


3 
8 
3 


i4 
i5 


° 


' 






9 
9 


9 


20 




35 
35 


2 53 

5 54 


8 7G 
I 76 


3 102 
7 .03 


7 


i6 


° 


J 




3 




4 


:; 




35 
36 

36 


7 54 
54 
3 55 


5 77 


I io3 
5 io4 
9 i(>4 


6 


■9 

23 


° 


3 

3 


3 

3 

3 
3 


4 

5 
6 

7 


.0 


5 

7 
8 


:; 




36 
36 

37 
37 

37 


6 55 
9 55 
2 56 
4 56 

7 56 


B 78 
2 79 
5 79 
9 80 


3 io5 

8 io5 
2 106 
6 i(i6 

107 


6 
S 


25 


° 


3 
3 


3 
3 


9 


" 


3 

5 






38 

38 


57 

3 57 


3 80 


4 107 


5 


=6 




rf 


4 




II 


6 






38 


6 58 


Bi 


3 108 


5 


27 




4 
4 


4 
4 


2 


" 


9 




6 


38 
35 


9 58 
a 58 


3 81 


7 109 
I 109 


r 


=9 




5 


4 


3 


12 


■ 


23 




39 


5 59 


82 


' ■-! 
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TABLES. 



Table V. — (Continued.) 

For the Seduction to the Meridian .' showing the value of 

, 2 sin' i P 



Sec 


0" 


1" 


2- 


gn, 


4" 


5' 


g« 


'7- 


3o 


0-5 


4"4 


12.3 


=4-o 


39' 


a 59 


4 83-0 


iio.4 


3. 


D.5 




5 


12 


4 


=4-3 


40 


I 59 


8 83 


4 


110 


9 


33 


0.6 




6 


IS 


6 


24.5 


4o 


3 60 


I 83 


8 


Ml 




33 


0.6 




7 


li 


8 


24.7 


40 


6 60 


5 84 


2 


in 




34 


o.G 




8 


I. 


9 


a5-o 


40 


9 60 


8 84 


7 


112 




35 


f 7 




9 


i3 


, 


25-J 


4r 


2 6i 


a 85 


, 


112 




36 

3t 


0-7 




° 


j3 
i3 


3 

4 


55.4 


4i 


8 6r 


6 85 


5 


ii3 
ii3 




3B 


r..8 




■> 


i3 


6 


25-9 


42 


I 62 


3 86 


4 


114 




39 


o.b 




3 


i3 


8 


26-2 


42 


5 Oa 


7 86 


8 


ii4 




40 


0.9 




4 


i4 





:i6.4 


42 


S 63 


87 


3 


ii5 




At 
42 


0.9 




6 


14 
i4 


3 


a6-6 
s6'9 


43 
43 


I 63 
4 63 


4 87 
8 68 


J 


ii5 




43 


!.0 




8 


i4 


5 


27-1 


43 


7 64 


2 83 


G 


116 




44 


.., 




9 


i4 


7 


27-4 


A4 


64 


5 89 


<= 


117 




45 


I., 


6 





i4 


8 


27.6 


44 


3 64 


9 89 


5 


117 




46 


I 1 


Q 


I 


j5 





S7.9 


44 


6 65 


3 89 


9 


118 




47 


1-2 


6 


2 


i5 


2 


28.1 


44 


9 .65 


7 90 


3 


118 




AS 


1.3 


6 


4 


i5 


4 


a3-3 


45 


2 66 


90 


8 


119 




49 

5d 


1-3 
1.4 


6 
6 


5 
6 


i5 


6 
b 


28.6 


45 
45 


5 66 
9 66 


4 91 

8 91 


; 


120 




5i 
5a 


1-4 

J. 5 


6 
6 


8 


16 


9 


29.1 
=9-4 


46 
46 


a 67 
5 67 


2 92 
6 92 


6 


(21 




53 


1-5 


7 





16 


3 


29>6 


46 


8 68 


c 93 





122 




54 


I-O 


7 


' 


16 


5 


29 9 


47 


1 68 


3 93 


5 


.22 




55 


i-b 


7 


2 


16 


7 


3o-i 


47 


5 68 


7 93 


9 


123 




5n 


I. -7 


7 


3 


16 


9 


3o-4 


47 


8 69 


I 94 


4 


123 




57 


1.8 


7 


5 


17 


I 


3o.6 


48 


1 69 


5 94 


8 


124 




5S 


j-6 


7 


6 


17 


3 


30.9 


43 


4 69 


9 95 


3 


.24 




59 


'■' 


' 


7 


17 


, 1 3... 


48 


8 70 


3 95 


^ 


125 
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SPHERICAL AyXEOKOMY. 



Table V, — (Continued.) 
tion to ths Meridian : skowinff ilte value of 



Sec 


gm 


0" 


10 


11 


12 


13 


14". 


J, 


ia5 


7 .59-0 


.96 


3 237 


5 2B2 


7 331 


8 384-7 


1 


1^6 


2 159 


6 


197 


=38 


3 283 


5 332 


6 385 


6 


2 


.26 


7 160 


a 


'97 


6 239 


284 


2 333 


4 386 


6 


3 


127 


2 160 


8 


.98 


3 .239 


7 285 


334 


3 387 


5 


4 


1=7 


8 16. 


4 


198 


9 240 


4 285 


8 335 


2 388 


4 


5 


1,8 


3 162 





'99 


6 24t 


a a86 


6 336 


389 


3 


6 


128 


B 162 


6 


aoo 


3 241 


9 287 


4 336 


9 390 


J 


7 


159 


3 l63 


a 


200 


9 242 


6 288 


2 337 


7 39. 


J 


8 


129 


9 i63 


8 


201 


6 243 


3 289 


338 


6 39a 


I 


9 


i3o 


4 ie4 


4 


.02 


2 ,44 


■ 289 


8 339 


4 393 


'' 


10 


i3i 


165 





202 


9 Ui 


3 290 


G 340 


3 393 


9 


" 


i3i 


5 i65 


6 


ao3 


6 245 


5 291 


4 341 


2 394 


8 


la 


l32 


166 


2 


ao4 


2 a4e 


3 292 


2 342 


395 


8 


i3 


l32 


6 166 


8 


204 


9 =47 


293 


342 


9 396 


7 


14 


i33 


I 167 


4 


ao5 


6 247 


7 293 


B 343 


7 397 


6 


i5 


.33 


6 168 





206 


3 a48 


5 a94 


6 344 


6 398 


6 


i6 


i34 


2 16S 


6 


206 


9 M9 


2 ,95 


4 345 


5 399 


5 


'7 


1 34 


7 1S9 


2 


207 


Q 249 


9 296 


2 346 


4 4oo 


5 


t8 


i35 


3 169 


8 


aoS 


3 25o 


7 297 


347 


2 401 


4 


'9 


i35 


8 170 


4 


aoB 


9 25. 


4 297 


8 348 


I 402 


3 


.o 


,36 


3 171 





209 


6 25a 


2 298 


6 349 


4o3 


3 


21 


i36 


9 '71 


6 


aio 


3 253 


299 


4 349 


8 4o4 


a 


= 5 


i37 


4 172 


2 


211 


□ 253 


6 3oo 


2 35o 


7 4o5 


1 


23 


i3S 


175 


9 


211 


7 254 


4 3oi 


35i 


6 406 





24 


i38 


5 ,73 




212 


3 255 


1 30! 


8 352 


5 407 


° 


a5 


139 


1 174 


I 


2.3 


a55 


9 302 


6, 353 


3 408 





26 


■39 


6 174 


7 


2i3 


7 256 


6 3o3 


5 354 


2 408 


9 


27 


i4o 


2 175 


3 


214 


4 257 


4 3o4 


3 355 


. 409 


9 


2S 


1 40 


7 17S 


9 


2l5 


I 258 


I 3o5 


. 356 


4io 


8 


29 


i4i 


3 .76 


C 


ai5 


3 =58 


9 3o5 


9 356 


9 4ii 


7 
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Table V. — (Continued.) 

For the Seduction to the Mei-idian : showing the value of 

, 2 .in- 1 P 



9ec. 


e- 


g„. 


10 


11" 


12- 


IS™ 


14'° 


3o 


'4i 


3 177 


? Ji6 


4 359-6 


306.7 


357-7 


4/2 


^ 


3t 


14^ 


4 177 


8 2.7 


r 260 


4 


3o7 


5 


358.6 


4i3 


6' 


32 


143 


178 


4 317 


8 261 


I 


3o8 


4 


359-5 


4i4 


6 


.33 


j43 


5 179 


218 


5 261 


9 


309 


2 


360.4 


4.5 




34 


144 


1 .79 


7 -9 


2 262 


6 


3to 


° 


36i,3 


4i6 




35 


.44 


6 iSo 


3 2,9 


9 263 


4 


3io 


8 


362.2 


417 




36 


145 


a 180 


9 220 


6 264 




3ii 


6 


3G3.1 


4i8 




37 


145 


8 181 


6 =21 


3 2G4 




3l2 


5 


364 -o 


4'9 




38 


i46 


3 i8a 


2 252 


265 




3i3 


3 


364-8 


420 




39 


146 


9 185 


S 222 


7 266 




3i4 


' 


365-7 


42! 




4o 


147 


5 i83 


5 223 


4 267 




3i5 





366-6 


422 


2 


4i 


1 48 


i84 


1 224 


1 267 




3i5 


8 


367-5 


423 


=■ 


4a 


i48 


6 i84 


7 224 


a 268 




3i6 


6 


368-4 


424 




43 


149 


J i85 


4 225 


5 269 




3i7 


4 


3Q9.3 


425 




44 


149 


7 1B6 


226 


2 271= 




3i8 


3 


370-2 


426 




45 


i5o 


3 186 


6 aaS 


9 271 




3,9 


, 


37f-i 


427 





46 


i5o 


9 '87 


3 227 


6 271 




3.9 


9 


372-0 


428 





47 


i5t 


5 187 


9 228 


3 272 




3»o 


8 


372.9 


429 





48 


l52 


18B 


5 229 


.73 




321 


6 


373.3 


4^9 


9 


49 


l52 


6 189 


2 229 


7 274 




322 


4 


374-7 


43o 


9 


5j 
5i 


i53 
i53 


, 189 
8 190 


8 23o 
5 23. 


4 274 
I 275 


9 
6 


323 

324 


3 


375.6 
376.5 


43i 

432 


9 


52 


i54 


4 191 


I 23l 


8 276 




325 





377-4 


433 


S 


53 


1 54 


9 191 


8 232 


5 277 


2 


325 


8 


378.3 


43-1 


8 


54 


i55 


5 ,92 


4 233 


2 278 


° 


326 


7 


379-3 


435 


S 


55 


i56 


. 193 


I 234 


278 


8 


327 


5 


380-2 


436 


, 


56 


i56 


7 ^93 


7 ^34 


7 279 


5 


328 


4 


38I-I 


437 


7 


57 


i57 


3 .94 


4 235 


4 280 


3 


329 


2 


382-0 


438 


7 


58 


1 57 


8 ,95 


236 


1 281 




33o 





332.9 


439 


7 


59 


i58 


4 195 


7 a3G 


3 281 


9 


33o 


9 


383-S 


440 


6 
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SPHERICAL ASTRONOMY. 

Table V. — (Conticued.) 
Fo!- the Reduction io the Meridian : showing the value of 



. 


la" 


ir 


17'" 


u- 


19'" 


20"' . 


21'" 




•^^i 6 


5o2 5 


56-' 2 


03j 9 


7u8 4 


784 9 


1 


442 6 


5o3.5 


508 3 


637 


7097 


786 ■. 


b06 6 


3 


443 6 


5o4 6 


5694 


63'! 2 


-109 


787 5 


sd3 


3 


444 6 


5o5 6 


570 5 


6I94 


712 I 


■■S^ S 


8fi9 4 


4 


445 6 


5o6 7 


571 6 


b4o 6 


-13 4 


79" I 


87-> 8 


5 


446 5 


5o7 7 


5728 


64T 7 


"14 


-91 4 


b.2 , 


6 


447 5 


Sob 8 


5739 


6-11 9 


-.59 


-9- 7 


S-3 5 


7 


44b 5 


609 8 


5-^3 


644 1 


717 i 


794 


b-4 9 


8 


4495 


5109 


5-6 I 


645 3 


-18 4 


-954 


876 3 


9 


45o 5 


5119 


577 i 


640 5 


719 


-967 


8776 


10 


45i D 


5i3 u 


5784 


6477 


731 9 


-990 


8-90 


w 


45^5 


5i4o 


579 5 


648 9 


72" 1 


799 J 


&3o 4 


m 


453 5 


5i5 1 


58o 6 


65-. 


733 4 


800 " 


881 8 


i3 


454 5 


5i& 1 


58i 7 


65i a 


724 6 


802 


883 a 


li 


455 5 


5i7 - 


58a 9 


652 4 


7259 


8o3 3 


884 6 


i5 


410 3 


5i8 3 


■■54 u 


r53 6 


727 2 


804 


886 


i6 


457 5 


5193 


585 I 


0j4 B 


784 


8 


8b- 4 


17 


458 5 


520 4 


■jse 2 


050 n 


-29 - 


8.7 3 


8b8 8 


18 


4595 


521 5 


OS-- 4 


05- , 


-309 


8 S 


89 . 


'9 


460 5 


5i2 5 


SBB 5 


058 4 


-32 2 


8 9 9 


By 


ao 


46i 5 


5a3 6 


589 C 


63? t 


733 5 


bii 3 


8y3 


21 


46a 5 


524 6 


5908 


60 3 


734 7 


81-. 6 


894 4 


11 


4() 5 


5a5 7 


591 9 


Oi> 


-3d 


8i3 9 


895 8 


s3 


464 5 


5ib 8 


Vo 


013 2 


7^7 3 


bi5 2 


89- ■> 


a4 


4b5 5 


527 9 


=94 ■> 


064 4 


-3b 5 


8,6 6 


8y3 6 


a5 


4&) 5 


'i28 9 


5?5 3 


665 6 


7398 


817 9 


900 


i6 


40- 5 


53^ 


Spo-i 


660 8 


741 1 


819 2 


901 4 


27 


40a 5 


5Ji ( 


5976 


068 


742 3 


820 5 


902 8 


iS 


4695 


5)-. -. 


^95 7 


I>b9. 


743 


821 9 


9.4 2 


39 


4-0 5 


-,33 - 


'^99 9 


0- 4 


14 9 


h2 2 


y-i 1. 
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Tablk v.— (Continued.) 
Fffr the Reduction to the Meridian : showing the value of 



Sec 


15 


16" 


17 


18 


19" 


20"' 


21'" 




3o 


471' 


5 534.3 


Go: 


671' 


6 746. a 


824-6 


907 


^ 


3i 


472 


e 535 


4 


60= 


5 67= 


8 747 


4 


8a5 


9 


908 


4 


3a 


473 


6 536 


5 


6o3 


3 674 


1 748 


7 


^27 


3 


909 


8 


33 


474 


6 537 


6 


6o4 


5 675 


3 75o 





Ba8 


6 


9" 


a 


U 


475 


6 538 


7 


6o5 


6 676 


5 75i 


3 


8,9 


9 


912 


6 


35 


47(i 


6 539 


7 


606 


8 677 


7 7^^ 


6 


83i 


a 


914 





36 


477 


6 540 


8 


607 


9 678 


9 753 


8 


832 


6 


915 


5 


37 


478 


7 54. 


9 


609 


I 680 


. 755 


I 


833 


9 


9.6 


9 


38 


479 


7 543 


D 


610 


a GSl 


3 756 


4 


835 


3 


918 


3 


39 


48o 


7 ^U 


■ 


61. 


4 68. 


6 757 


7 


836 


6 


919 


7 


4o 


48, 


7 545 s 


t,2 


5 6.3 


8 ^590 


808 


92, 


I 


41 


48. 


8 54O S 


ei3 


7 Ob5 


-f>5 ■> 


839 3 


922 


5 


4a 


483 


8 5474 


6j4 


8 686 


2 76t 5 


Bio 7 


923 


9 


43 


434 


8 548 4 


616 


6S7 


4 -62 8 


842 


925 


3 


4<i 


485 


8 5495 


617 


a 688 


7 764 1 


843 4 


926 


s 


45 


4E0 


9 55.6 


618 


3 039 


9 765 4 


844 7 


928 


2 


46 


487 


9 ''-'I 7 


619 


5 69r 


I 766 7 


8^6 I 


9=9 


6 


4? 


463 


9 55a 8 


6-0 


6 59 


4 768 


847 5 


93i 





48 


\r 


(, ^'^S 9 


621 


a (93 


. -693 


8489 


93a 


4 


49 


4yi 


f> j5 u 


3 


< 694 


8 ■'- b 


8j-> a 


933 


8 


5o 


491 


55D I 


6 4 


f 6yb 


77' 9 


86, 6 


935 


2 


5i 


^93 


I 557 a 


b^S 


3 ^T 


3 773 J 


852 9 


936 


6 


5. 


-(94 


I S'B 3 


6;u 


5 69a 


5 -7-4 5 


854 3 


938 


1 


53 


4y5 


= 5594 


ra7 


6 699 


7 -175 8 


855 n 


939 


5 


54 


495 


2 5bD 5 


b5& 


8 7^. 


> 777 ■ 


857 ' 


940 


9 


55 


491 


■> ^01 


63o 


-'O^ 


- 7-8 4 


858 4 


94a 


3 


56 


4;8 


3 dS5 7 


63. 


2 - 3 


5 -97 


859 b 


943 


8 


57 


499 


3 563 9 


63s 


3 -^ 4 


- 7°! 


861 ! 


945 


a 


58 


5o<. 


3 56D-0 


033 


5 705 


9 78a.3 


8L2.5 


946 


6 


59 


501 


4 566- 1 


634 


7 707 


[ 783-6 


863-9 


94s 


' 
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SPHERICAL ASTllONOiMY. 

Table V. — (Coatinued.) 
For the Reduction to ike Meiidian : showmg ills value of 
2 air,= i P 



Sec 


22 


23" 


y^"" 


.a- 


26"' 


sr 


28™ 


jj 


9^9 


6 ;q37 


8 1129 


9 1223 


9 1325 


9 1429 


7 ,537-5 


1 


95. 


1039 


3 m3( 


4 ,227 


5 ,327 


6 ,43r 


4 1539 


3 


■i 


952 


4 ' io4o 


8 ii33 


,2=9 


2 1329 


3 1433 


2 ,54, 


, 


3 


953 


8 104= 


3 !i34 


6 ,23o 


8 ,33i 


,434 


9 ,542 


9 


4 


955 


3 1043 


8 ii36 


a J 282 


5 i332 


7 1436 


7 i544 





5 


956 


7 1045 


3 ii37 


8 i;34 


, ,334 


4 ,438 


5 1 546 


6 


6 


958 


2 1046 


8 1 139 


3 1235 


7 ,336 


t 1440 


3 1 548 


4 


7 


959 


G io4S 


3 1 1 40 


9 '237 


3 1337 


8 ,442 


, i55o 


2 


8 


.961 


1 1049 


8 1 142 


5 ,239 


,339 


5 ,443 


9 ,552 


I 


9 


962 


5 io5i 


3 1144 


[240 


6 i34i 


2 1445 


6 ,553 


9 


10 


963 


9 I052 


8 n45 


6 1242 


3 i342 


9 1447 


4 i555 


8 


II 


9Q5 


4 !o54 


3 ii47 


2 ,243 


9 ,344 


6 1449 


2 i557 


6 


15 


966 


9 io55 


9 1,48 


8 1245 


6 i346 


a .45, 


,559 


5 


i3 


968 


3 io57 


4 ,i5o 


4 1247 


2 i34B 


i45'2 


8 i56i 


3 


i4 


969 


8 io58 


9 .,52 


,248 


9 1349 


7 1454 


5 i563 


2 


i5 


971 


a !o6o 


4 ,,53 


6 i25o 


5 i35. 


4 ,456 


3 i565 





i6 


97a 


7 J062 


jj55 


a ,a5s 


2 .353 


2 1458 


1 ,566 


9 


'7 


974 


I io63 


5 [,56 


8 1253 


8 ,354 


9 t459 


9 i568 


7 


i8 


975 


5 io65 


ii58 


3 1255 


5 i356 


6 ,46, 


6 ,570 


5 


'9 


977 


1066 


5 ,,59 


9 1257 


, i358 


3 ,453 


4 ,572 


4 


10 


978 


5 1068 


1 1161 


5 1258 


8 j36o 


1 ,465 


2 .574 


3 


31 


979 


9 1069 


6 1163 


I 12O0 


4 i36. 


8 ,466 


9 ,576 


I 


22 


981 


4 107' 


1 1,64 


7 126a 


, ,363 


5 1466 


7 1578 





23 


982 


9 1072 


6 „66 


3 1263 


7 ,365 


2 1470 


5 ,579 


8 


24 


984 


4 1074 


1 ,,67 


9 1265 


4 i367 


147a 


3 i58i 


7 


25 


985 


8 1075 


7 ,,69 


5 ,267 


□ i368 


7 1474 


,583 


5 


s6 


987 


3 1077 


2 1171 


1 1268 


7 1370 


4 ,475 


9- ,585 


3 


27 


988 


8 1078 


7 "17a 


7 ,270 


3 ,37a 


1 ,477 


7 .587 


2 


28 


990 


3 1080 


3 ,.74 


3 1272 


. .373 


9 1479 


5 ,589 


1 


39 


99! 


8 1081 


8 1.75 


9 1273 


7 1^75 


6 ,48, 


3 ,590.9 
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Table V.— (Continued.) 

For the Redaction to the Mfndian : showing the value of 

. 2 sia= J- P 



&«0 


2.^ 


23" 


24-" 


25'" 


£0" 


2,m 


28" 


3o 


993. 


ioB3-3 


1 177 


5 1275 


4 i377 


4 I483.I 


■592.7 


3i 


994 7 


I 84 


8 


"79 


I 1277 


I 1379 


i484 


9 


i594 


6 


32 


996 . 


io8b 


4 


lj8o 


7 1278 


8 i38o 


8 i486 


7 


1596 


5 


33 


997 6 


' 87 


9 


!l83 


3 1280 


4 i382 


5 t48S 


5 


.593 


3 


34 


999 > 


.08 y 


5 


ii83 


9 .282 


I 1 334 


2 .490 


3 


1600 


^ 


3 


mo 6 


091 





i!85 


5 1283 


8 i385 


9 1492 


1 


1602 


1 


3& 


10 % 1 


1095 


6 


1187 


I 1285 


5 1387 


7 1493 


9 


1604 





37 


1003 5 


1094 


I 


1188 


7 1287 


. .389 


4 r495 


7 


.6o5 


9 


38 


ioo5 


.095 


7 


1 190 


3 1288 


8 7391 


2 1497 


5 


1607 


7 


39 

4 


1006 5 


"97 
, 93 


g 


1191 
1 193 


9 1290 
5 1392 


5 1392 
2 ,394 


9 1499 
7 i5oi 


3 


1609 
i6u 


6 
5 


41 


lOOy 4 


1 100 


3^ 


1 195 


1 1=93 


8 1396 


4 .502 


9 


.6i3 


3 


45 


1010 9 


IIOI 


9 


1196 


7 1295 


5 1398 


2 i5o4 


7 


i6i5 


a 


4^ 


loia 4 


iioS 


4 


1198 


3 1297 


2 1399 


9 i5o6 


5 


1617 


I 


^4 


,a,3 9 


i!05 





1 199 


9 1293 


9 i4o. 


7 ,508 


4 


76.9 





45 


(oiS 4 


1 106 


5 


.20, 


5 i3oo 


5 .403 


4 iSfo 


2 


1620 


8 


46 


10169 


1108 


I 


I203 


I l302 


2 i4o5 


2 !5l2 





162a 


7 


47 


1018 4 


1109 


6 


1204 


7 i3o3 


9 i4o6 


9 .5.3 


8 


1624 


6 


45 


10 9 y 


Mil 


2 


IJ06 


4 r3o5 


6 1 408 


7 i5i5 


6 


.626 


5 


49 


I 51 4 


II. 


7 


1=08 


i3o7 


3 i4io 


4 i5i7 


4 


1628 


3 


5t 


102i & 
.524 3 


III4 
III5 


3 


1209 


6 i3o9 
2 i3io 


7 '4i3 


2 .5.9 

9 l52, 


: 


i63o 
i632 


' 


52 


1025 8 


1127 


4 


1213 


9 I3l2 


4 i4i5 


7 .522 


9 


1 634 





13 


1 P73 


1118 


9 


■l2l4 


5 i3i4 


I i4i7 


4 1524 


7 


i635 


9 


.4 


( 28 8 




5 


I = IQ 


I i3i5 


7 1419 


1 .52S 


5 


.637 


7 


55 


i(3o3 


.132 





I2I7 


7 13.7 


4 1420 


9 i528 


3 


.639 


6 


"(y 


io3i B 


1123 


6 


UI9 


4 i3!9 


1 i4v 


7 i53o 


1 


i64. 


5 


57 


io33 3 


iiaS 


I 


I22I 


l320 


8 1424 


4 1532 





1643 


3 


58 


io34 8 


iia6 


7 


1222 


6 l322 


5 142S 


2 1 533 


8 


1 645 


2 


59 


10^0 3 


"" 


3 




2 1 3=4 


2 1427 


9 1 535 


6 


.647 


■ 
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SPHERICAL ASTEONOMY, 

„ Table V.— (Continued.) 
For the Reduction to the Meridian : showing Ike value of 



Sec. 


29- 


30"" 


3T" 


32™ 


.33- 


34'" 


==- 




g 


1649 


17G4 


6 1884 


2M7.4 


2134 


6 5265 -6 


1400 


6 


I 


i65o 


9 1766 


6 i886 


5009.4 


2i36 


8 2267 


8 


2402 


9 


3 


165:! 


8 1768 


5 t888 


20X1-5 


)i38 


9 2270 





24o5 


2 


3 


i654 


7 1770 


5 1890 


2013-6 


2l4l 


i 2272 


2 


2407 


5 


4 


i65S 


6 1773 


4 1892 


i 20,5.7 


2143 


2 =274 


5 


2409 


8 


5 


1 658 


5 1774 


4 1894 


1 2017.8 


1145 


3 2276 


7 


2412 





6 


1660 


4 1776 


3 1895 


1 2019.9 


= ■47 


5 2278 


9 


24,4 


3 


7 


1662 


3 1778 


3 .898 


1 20S2.O 


2149 


7 2281 


2 


24t6 


6 


8 


1664 


. .780 


3 1900 


2 2024 ■ I 


2l5, 


8 2283 


4 


2418 


9 


9 


1666 


1 .78. 


3 1902 


2 20S6-J 


ii53 


9 2285 


<^ 


M^i 


^ 


lO 


1 6GB 


1784 


= .904 


3 2028.3 


2r56 


I 2287 


8 


2423 


5 


u 


.6G9 


9 [786 


. ,906 


3 =d3o.5 


^158 


3 2290 





2425 


8 


12 


167J 


9 ,788 


s .908 


4 ao3i.5 


2160 


5 2292 


3 


2428 


I 


i3 


1673 


8 1790 


I 1910 


4 2034-6 


2162 


6 2294 


5 


243o 


4 


H 


1675 


7 179= 


I 1912 


4 2086.7 


.164 


8 2296 


6 


2432 


7 


i5 


1677 


6 1794 


1 1914 


4 2038-8 


2166 


9 2199 





2435 





i6 


1679 


5 ,791-' 


1 1916 


5 5o40'9 


2,69 


1 230I 


3 


2437 


3 


17 


1G81 


4 1798 


1 191 8 


5 2043-0 


2171 


2 23o3 


fi 


2439 


G 


■8 


i683 


3 iKoo 


1920 


6 2045-1 


2173 


4 23o5 


8 


2441 


9 


■9 


3685 


i l8u2 


1922 


6 2047 .a 


2175 


6 23o8 


P 


2444 


' 


=0 


16S7 


a 1804 


19.4 


7 ao49-3 


.177 


8 23io 


2 


2446 


5 


11 


1089 


r i8u5 


9 1926 


7 ao5,.4 


2179 


9 23l2 


4 


2448 


8 


32 


169, 


1807 


9 1938 


8 2053-5 


2182 


1 23i4 


7 


245 1 


I 


a3 


169. 


9 1809 


9 .930 


8 2055-7 


2184 


3 23,6 


9 


2453 


4 


a4 


169.1 


R 1811 


9 .932 


9 .2057.8 


= i8G 


5 23,9 


^ 


2455 


7 


=5 


169G 


7 ^8.3 


9 ,935 


2059-9 


2188 


6 232, 


5 


2453 





a6 


.698 


f> i8i5 


8 1937 


206^.0 


2190 


8 2323 


7 


24G0 


3 


17 


17™ 


5 1817 


8 1939 


206-1-1 


2.93 


2325 


9 


2462 


6 


28 


170'' 


5 1819 


8 194[ 


I anea.2 


219^) 


2 9.328 


2 


2464 


9 


59 


17"4 


1 .82, 


8 .943 


1 2o()8-3 


...7 


3 233o 


4 


*-| 
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Table V.— {Continued.) . 
For the Seduction to tlie Meridian : showing the value of 



See. 


iO"" 


ZQ" 


SI-" 


,.- 


33™ 


Si"" 


35" 


3q 


17c 6 


3 1823 


8 1945-2 


3070 


4 2199 


5 2332 


7 2409-5 


3i 


,708 


2 iSjS 


8 1947 




507J 


6 aaor 


7 2334 


9 2471-8 


33 


171D 


n 1827 


8 .949 


3 


3074 


7 3 203 


9 2337 


2 2474-2 


33 


171a 


I 1S29 


8 ,951 


3 


2076 


8 iao6 


I 2339 


4, 2476-5 


34 


1714 


i83i 


3 1953 


4 


=078 


9 2208 


3 2341 


7' a478-8 


35 


1715 


9 i833 


8 ,955 


5 


.08. 


2210 


5 2343 


9 2481. I 


3b 


1717 


9 i835 


8 1957 


6 


2o83 


2 2212 


7 2345 


2 2483.5 


37 


1719 


8 1 837 


8 ,959 


6 


2o85 


3 2214 


9 a348 


5 2485.8 


38 


17a! 


7 1839 


8 1961 


7 


2087 


4 2217 


I 235o 


7 2488 -r 


39 


i7a3 


6 i84. 


8 ,953 


7 


2089 


6 22.9 


3 2353 


2490-4 


4a 


17=5 


6 1843 


8 ,965 


8 


2091 


7 222. 


5 a355 


2 2492-8 


4i 


172- 


5 1845 


8 ,967 


8 


2093 


8 2223 


7 2357 


5 2495-1 


42 


1739 


5 1 847 


8 ,969 


9 


2095 


9 2aa5 


9 2359 


7 a497-4 


43 


,73. 


5 1849 


8 197a 





2098 


2228 


I a36i 


9 2499-7 


44 


1733 


4 i85i 


8 ,974 


I 


2100 


2 22 3o 


3 2364 


a 2502-1 


45 


1735 


3 i853 


8 ,1976 


, 


aio5 


3 223a 


5 2366 


4 25o4-4 


46 


1737 


■i i855 


8 ,978 


1 


2104 


5 2234 


7 2358 


7 25o6-7 


47 . 


-1739 


a ,857 




3 


2106 


6 2a36 


9 2371 


2509.0 


43 ' 


1741 


a 1859 


8 198a 


4 


2108 


8 2239 


1 2373 


3 2511-4 


i9 


1743 


1 i86( 


8 ,984 


4 


2,10 


9 2241 


3 2375 


5 25.3.7 


5o 


1745 


I i8G3 


8 ,986 


5 


aii3 


I 2 243 


5 2377 


8 2515.1 


5i 


■747 


D i865 


8 ,988 


6 


2H5 


2 2245 


7 238o 


I 25i8-4 


5= 


1-49 


1867 


8 [990 


7 


2117 


4 2247 


9 238a 


4 a520-8 


53 


1750 


9 1B69 


8 199a 


7 


a,i9 


6 2250 


I a384 


6 2523-1 


54 


1752 


9 1871 


8 1994 


8 


3ia, 


7 2252 


3 a386 


9 a525-4 


55 


1754 


8 1873 


8 ,996 


9 


2123 


8 2 254 


5 2389 


2 25a7-7 


50 


1756 


8 1875 


9 1999 





2126 


2256 


7 2391 


5 2530.1 


57 


1758 


7 18,7 


■9 2001 


(i 


3128 


I 2258 


9 2393 


.7 2532-4 


58 


1760 


•7 1S79 


.9 2003 


1 


2l30 


.3 2261 


i 2396 


.0 a534-8 


=' 


17O2 


■G t88. 


■ aoo'- 


.3 


ai33 


.4 2263 


4 2398 


.3 2537-1 
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SPHERICAL ASTROBOMY. 



TABLE VI. 
For the second pari of the Reduction to the Ma-idian: showing the value of 



Minutea 


0- 


10' 


20^ 


30" 


nr 


r>i}' 


5 


o'-oi 




□ I 


o'oi 


o'oi 


o"oi 




01 


6 


: 


02 




02 


: 


o3 


° 


o3 . 




f,2 

o3 


° 


02 


8 


o 


04 




o4 





o5 





o5 




o5 





06 


9 


" 


o6 
09 




10 


° 


08 


° 


i! 




i! 


" 


09 
i3 


I! 


o 


i4 




i5 





i5 





16 




17 





18 


1 = 





19 




20 





52 





=3 




24 





25 


i3 


o 


?7 




38 





3o 





3i 




33 





34 


14 


o 


35 




38 





39 





4i 




43 





45 


i5 


o 


47 




49 





52 





54 




56 





59 


i6 





61 




64 





67 





69 




72 





75 


I? 


o 


78 




81 





84 





88 




9' 





95 


'9 
23 


2 


98 

49 

19 
61 




26 
54 

87 
=5 
69 


' 


oG 
3o 
Co 
93 
3= 
77 


' 


09 
35 
65 
99 
39 
85 


^ 


i3 

70 
06 

46 
93 


3 


44 

713 

54 


34 


3 
3 


64 




74 


3 
3 


84 


3 
3 


35 
94 




45 
o5 


3 

4 


55 
.5 


26 


4 
4 


26 
96 




37 

08 


4 

5 


!0 


4 
5 


60 
33 




72 
46 


4 


83 
60 


28 


5 


73 


5 


87 


6 


01 


6 


i5 




3o 


6 


44 


=9 

3o 
3i 
32 


C 

7 

9 


59 

55 




75 

79 

97 


6 
8 


90 

89 

98 

18 


9 


oG 
06" 
17 
39 




24 

37 
61 


7 
8 
9 


38 

42 
57 
82 


33 




04 


II 


^7 


11 


5o 


II 


73 


II 


96 


12 


20 


34 




A4 


la 


65 


12 


94 


.3 


^9 


i3 


45 


i3 


71 


35 


i3 


97 


./ 


24 


i4 


5i 


i4 


78 


i5 


06 


■=•" 
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rEiaONOMETEIOAL FOKMUL^. 



I. Equivalent expressions for sin x, 
1. cos X , tan ar. 



3. yT^ 



Vl 4- cot= X 

tan w 
Vl + tau^ x' 



1 + tan' ^a;' 

s I . 

cot ^ J; + tan ^ fl! 

10 ^(30° + ^)"^sin(30°-j^) _ 

11. 2 sin' (45° +^ai)-l. 

12. 1 — 2 sitf (45° — ^s). 

IS l-tau'(45- --|^) 

' 1 + tail' (45° — ix)' 

tan (45° +^ x) - tan (45° — ^ it) 

' taji (45° + f^j + tau (45° - ^ a;)' 
15. Bin (60° + ffi) - sin (00° - x). 
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SPHERICAL ASTRONOMY. 



n. Equivalent expression^ for cos x. 



' 


tana; 


2. 


sin a: . cot x. 


8.. 


Vl-dtf a;. 


4. 


1 

Vl + tm' a> 




cot IB 




Vl + cot' a; 


6. 


cos^^3: — sin= Ja;, 


V. 


1 — 2 Bin' ^ n. 


8. 


2C0.H--1. 


6, 


,/l + cos2^. 
'^ 2 




1 - tan' ^ K 




IH tan^i^- 




cot -^ K ,— tan -1 a; 




cot ^ a: + tan i IE 




1 


' 


1 + tail a; . tan ^ iB 



' tan (45" + |a;) + cot (45° +^«)' 
li. 2 C03 (45° + Ja:) cos (45° — ^x). 
16. cos (60= + ;!;) + C03 (60° — x). 
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TRIGONOMETRICAL FORMULA 



HI. Equivalent expressions for tan x. 



^^.-- 


Vl - siQ^ ^ 


Vl-cos=^ 


2tm^x 


2 cot ^ a: 


cot' ^x-1 

- 2 



cot I a; — tan \ x 
cot a: — 2 cot 2 x 



*^ 1 + cos 2 k 

tan (45° + \^) — tan (45° - ^ ^) 
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SPHERICAL ASTRONOMY. 

rV". Eelatiye to two arcs A and B. 

1. sin (A-\- £) = sin ^ . cos ,8 + cos ^ . sin i 

2. sin (A — B) = sin A .co^ B ~ w?, A .^m 1 

3. cos (-4 + £) = cos ji . cos iJ — sin ^ . sin i 



4. 


cos {A - B) 


= cos ^ . cos iJ 4- an ^ ■ si 


n£. 


5. 


tan (A + -5) 


tan ^ + tan 5 
1 " tan ^ . tan B' 




6. 


tan {A - B) 


tan A — tan B 
~ 1 + tan ^ . tan £ ■ 




V. 


sin(45°±£)| 


cos ^ zb sin i? 




8. 


cos(45°zf£)S 


■V2 " 




9. 


tan (45° ± B) 


I dz tan 5 
-Izptan^- 




10. 


taii=(45°±l£l 


1 ± sin 5 
l^sinS- 




11. 


tan (45° ± i -B) 


1 ± sin 5 cos £ 
cos £ 1 ^ sin B- 


12. 


sin {A + B) 
mi{A-B) 


tan ^ + tan 5 cot £ + cot .4 
~ tan ^ — tau jB cot if — cot j1 


13. 


cos (^ + 5) , 
cos{^-.C) 


cot £ — tan -i cot j1 — tan £ 
eotif + tanjl cot .4 + tan £' 


14. 


sin ^ + sin £ 


tan ^ (^ + B) 
tanH^--B)- 




sin A — m-a.B 




15. 


cos 5 + cos ^ 


cotl(^ + 5) 





[eowft'uMe'?. 
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TRIGONOMETRICAL FORMULA. 4 

IV". contiwued. Eelative to two ares A and B, 

^ \ sill (^ + £) + 1 sin {A - E). 

= ^ sin (^ + -B) ^ ^ sill {A - B). 

= I cos {A - 5) - ^ cos (^ + B). 

= ^ cos (4 + i3) + ^ cos {A - B). 

= 'iAM\(A + B).>^o^\{A~B). 

:=2cos^{^ + -S).cosi{^-5). 

sill [A + B) 
23. tan ^ + tan 5 '^-^ -- 

23. cot -/I + cot if 



21. cot S — cot 4 



16. 


sin A . CO; 


s J? 


I';. 


cos A . sii 


a5 


18. 


sin A . sir 


i£ 


19. 


cos A . cc 


.S.B 


20. 


sin A + i 


■ArB 


21. 


casA + ' 


aosB 



mA.coiB- 




An (A + B) 
- mA.muJS' 




= 2,mi(/l^i!).c 


«.i(^ + -B). 


= 2,m-i(J-J)).. 


i'^HA + JS). 


sin lA _ Ji) 
^ cos ^1. cos if 




■in (A - S) 





n (4 _ _B) . sin (^ + B). 



29. 


cos^.5-cosM) 






30. 


cos' A-^n^ B ^ 


cos(.d-ii)., 


io> {A + 1). 






■in (Jl _ £) . ■ 


in (A + B) 
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SPHEKICAL ASTRONOMY. 



y. Differences of trigonometrical lines. 

1, A sin a = + 2 sill J A a: . cos (a + i A x). 

2. a cos a: == — 2 sin i A » . sin {» + ^ A a:). 

8, Atanai = + 



s (^ + A a^) 



7. A tan' a = + - 



(a; + A «) 
in (2 * + A x). 
in(2^ + A4 
(2 ^ + A ^) 



iA«.sin(2a: + Aa^) ^ 
in' a; , sin' (a + A a;) 



YI. Differentials of tvigonometi-ical lines. 

1. d sin a; = + &x . <^MiX, 

2. d cos a = — d a; . sin a;. 

Ax 

3. d faa a; = -j j— . 

4. d cot X = ^-~i~.- 

5. d sin= a; = + 2 d a; . sin a; . cos x. 

6. d cos' X = — 2 d a: . siu a: . cos a, 

2 d a: . tan a: 
V. d tan' X = -\ ^ . 
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TRIGONOMETRICAL FORMULjE. 



VII. General analytical expreseions for tbe sides and s 
of any splieiical triangle. 



CCS S = cos ^ . sin S' . sin S" + cos S' . cos S" 
cos S' = cos ^' . Bin S" . sin S' + cos S" . cos 5. 
cos S" = cos ^" .smS . sin S' + cos ^ . cos S'. 

cos A =cosS . sin A' . sin A" - cos ^' . cos A". 
cos ^' = cos S' . ^n A" .sin A — cos A" . cos ^. 
cos A" = cos 5" .unA . sin j1' — cos ^ . cos A'. 

cos iS . cos ^' = cot S" , sin S — sin A' . cot ^". 
cos S' . cos .d" = eotS . sin 5' — sin A" . cot ^. 
cos S" .COS A = cot S' . sill S" — sin -4 .cot A'. 



10. 



sin ^ _ sju^' _ sin A" 
iirS~sin 5"~sin S"' 



n 1 (S' + ^ : sin 1 (^' - S") : : cot I J" : tan ^ {A' ~ A). 
,si (S' + S) : cos J {5' - S) : : cot ^ -^" : tan ^ {A + A). 
n^iA' + A) : sin } {A - A) ; : tan i 5"' : tan ^ (S' - S). 
14 c ^(4'+4) CO '(4'- 4) tniS" Un^{S' + S). 

In til =e formula j4 d 1 den te tlie e e il a '/le^ f the triangle ; 
and b S S tie t7e ojjo to tBo«e ingles r sj ct ely. For tbe 
more oomenient computat on #" thefoTnilEe Nos. 1 9 certain auxiliary 
angles e tol eel 1 li w II be all 1 1 to n tie fo mulse for tie 
HOlut n of lie e er 1 h es toll que aCj^l 1 sj! 1 tr n'\a!>. 
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SPHERICAL ASTRONOMY. 



Till. Solutions of tl^e cases of riffjil-singlcd spheiical triangle 



Oivm. 


Ilegvirsd. 




Solution 




Hypothen. 


■ aide op. giv, aiig. 


I. 


«n X ^ sin h 


sin a. 


and 


aide adj. ^v. ang. 


2. 


fail a; = tan A 


cos a. 


an angle. 


. the otlier angle. 


S. 


cot 3! = cos A 


tana. 




the otKec side. 


4. 


cos A 




Uypotlien, 






coss 




and -j 


ang. adj. giv. side. 


5, 


COS K — tan s 


cot A. 


a side. 






sin 






aDg. op, giv. Bide. 


6. 


''" "^ ^ S' 




A aide and 


the hypothen. 


1. 


--i^ 




tia angle 


the otlier side. 


8. 


sin X = tail s 


cot a 


opposite. 


the otter angle. 


9. 


~ cos s 





the angle J the other side. 11, tana; 
adjacent. [ tie other anMe. 12. cos^e 



The two ( the liypotieii 
sides. } „„ „„„]„ 



The two 



tlie liypotton 



I side. 



IB. cos » ^ rectang. cos of the given sides. 

14. cot a: = sin adj. side x cot op. side. 

16, cos x :^ rectang. cot of the gi^-. angles 

10. eos. = ^-^?l^. 
sin adj. ang. 



In these formula, x denotes the quantity sought. 
a = the ffiv^ angle. 
s =; the ffiven side. 
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TBIGONOMETRIOAL FORMULA. 451 

IX, Solutions of the cases of oUi^ue-nngled spherical 
triangles. 

Given, Two sides and an angle ojiposite me of them. 
Required, V. Tlie angle opposite the other ^ven aide. 

sin ade op. aug. sought X sin giv. ang. 
~ sill side oppos. given an^le 

Required, 2°. Tte angle included between the given sides. 

cot o' = tan giv. ang. x cos adj. side, 
„ __ cos a' X tan side adj. giv. ang. 
tan side op. given angle ' 
;<=(,.'±."). 

Required, 3°. The third side. 

tan o' = C09 giv. ang. X tan adj. side, 
IS side op. giv. ang. 



cos side adj. given a 

In ilii^se forniulie, a denotes the yuantity sought: a.' and a" a. 
auxiliary angles introduced fur the purpose of &eilitating the compu 
tations. 

The angle sought in fofmula 1 is, in cert^n cases, amhiguous. In 
the fonnulEe 2 and 3, when the angles opiwsite to the ^ven sides are 
of the same ipecies, we must taie the upper sign ; on the contrary, the 
lower sign. The whole of these formulje therefore are, in certain cases, 
ambiguous. 

\conlinmd. 



-dbyGoogle 



SPHERICAL ASTKONOMT. 



IX. continued. Solutions of the cases of 
spherical triangles. 



Given, Two o.ngles and a side opposite one of them. 
Sequired, 4°. Tlie side opposite the otlior given angle. 



a sDg. op. side sought X sin ^v. side 
sin ang. op, given side 



Bequired, 5°. The side included between the given angles, 

tan a' = tan giv. side X C03 ang. adj. giv. side, 

„ Hn a' X tan arg. adj. giv. side 
tan ang. op. given dde ' 

Eequired, 6°. The third angle- 
cot a' = cos given side X tan sdj. angle, 
„ sin a' X cos ang. op. giv. i 



;. adj. given side ' 

In these fornnilse, x denotes the qmntity s^nght a anl «' iie 
luxilnry angles introduced for tte pmpoae of facilitating the eompu 
tatiuns 

The side loiight m formula 4 is, in certain cases, ambiguous In 
tJie foimulfe 6 and 6, when the sides opposite the given angles are of 
the saine species, we must take the iip2eT sign, on the contriiy, the 
loiver sign The whde cf tlice tonnul^e tlicitfcie aie in ceitim ca^ei, 
ambiguous 

[eontmufd. 
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TRIGONOMETRICAL FORMULA. 



IX. conUniied. Solutiona of the cases of 
Bpheiical triangles. 

Given, Two sides and the included angle. 
Bgquired, V. Oue of the other angles, 

tan a' = cos given angle X tan given side, 

o" ;:= the base — a' 
tan ar = tan given angle X 77. 

In this formula, the gimn aide ia asaumed to be the 
side opposite the angle aought: the other known side 
ia called tlie bass. 



!, 8°. The third side. 

tan a' . ^ cm given angle X tan ffwen side, 
a" = the hose ~ a', 

eo3 a" 

cos a = cos ffiven side X r • 



In this formula, either of tlie given aides may be as- 
sumed as the base; and the other aa the i/iven side. 



In these formulie, a: denotes the quantity sought ; a' and a" are 
Kuxihary angles introduced for the purpose of fecOitating the compu- 
tations. 

If tho aide sought in formula 8 be small, tlie formula may not ^ve 
the value to a sufficient degree of accuracy ; and some other mode must 
be adopted for obtaining the correct value. 

[contintied. 
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SPHEEICAL ASTKONOMT. 



IX. continued. Solutions of the cases of oS^'^we-angle'l 
spherical triangles. 



OrviiN, A dde and the two adjacent angles, 

9°. One of the other sides. 

cot tt' = tan given angle X cos given sido, 

a" = tlie vertical angle "^ a', 
tan K = tan given side X ■ n ■ 



In this formula, the angle, opposite tlie side aongh^ 
■ ia asauDied as the gii>en angle : the otter known 
angle ia called the 'jerlicai angle. 



JRequired, 10". Tlie third angle. 

cot a' = tan given angle X cos givi 

a" = the vertical angle — «', 
cos a; = cos given angle X 



n tl ? f rmuli, e thei f the " ven angles may be 
I ed ao th u ( I angle ani the other as the 



In th^e formulis, a; denotes the quantity soiight: a' and a" are 
auxiliary angles introduced for the purpose of facilitating the compu- 
tations. 

If the angle sought in formula 10 be small, the formula may not give 
the value to a aufScient degree of accuracy; and some other mode 
must be adopted for obtaining the correct value. 

[continued. 



-dbyGoogle 



TEIGONOMETEIOAL FORliaL^. 463 

IX. continued. Solutions of tlie casea of oUique-^Xi^aii 
spherical triangles. 

Given, The three sides. 

Required, 11°. Aa angle. 

,i„ /±t£+_£ -rs\ysm 1 ^ + '^ + '' _ c\ 
. ,, _ V 2 > \ 2 I 

'*™ s ^ ^ sin Jl . sin 6^ ' 

sin (^l±JL±l\ X sin M + -g + g A 
OOS-J. = ? -,^-_--._-J . 

la these fornmlffi, A, S, G ore (Jie tliree sides of lie 
triangle ; and A is assumed as the side opposite to Uia 
aogle required, 

Gi¥EN, The three angles. 
Required, 12°. A side. 



cos'^ 



In iJiEse forrauJffi, a, *, c are the three angles of the 
triangle ; and a is aBsumed aa the angle opposite to 



In these formulie, ib denote the quantity sought. The formulse, which 
are r^olved by the cosine, are nsed only when the angle or aide « ia 
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SPHERICAL ASTRONOMY. 



X. Trigonometncal series. 



3? ^ 

'2.32.3.4.5 



2. cos K = 1 h — — 

2^2.3.4 2.3.4.5. 



3. tan * = ;c + ~ + — — + 



5 ' 3^ 5 . 7 



)\ 5 3^ 6 . 7 



2 2.3.4^2.3.4.5.6 

1 . 3 sill* K 
2.4.5 

2T? " -TTTTT - '^"- 

S, a; ^ tan » — ^ tan^ ^ + 5- tan' a; — &c. 

In tie seriea No. 1, if denotes the peiiplLCij of tlio circle, 
3.14159265. 
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TRIGONOMETRICAL FORMULA. 



SI Multiple 



n 2 a; = 2 sin * . COS ^, 

Q 3 a = 2 sin a: . cos 2 a; + sin a;, 

n 4 s = 2 sin a: , cos 3 a: + sin 3 jJJ, 



cos a; = cos x 
JOS 3 a; = 2 cos 
;os 3 a: = 2 coa 



tana; = 


tana;, 


an a = 


2 tanar 




1 ~ tan^ a;' 


tan 3a = 


tan a; + tan 2 a; 


1 — tan a; . tan 2 a* 


fan 4 a; = 


tan a; + tan 3 a! 



X — tan a) . tan 3 a' 
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